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NOTE: To avoid abandonment of the application, the applicant shall furnish to the USPTO, not later than 20 
months from the priority date: (1) a copy of the international application, unless it has been previous 
communicated by the Intemationaf Bureau or unless it was originally filed in the USPTO: and (2) the 
6as/c national fee (see 37 CER. § 1.492(a)), The 30-month time limit may not be extended, 37CFR 
§ 1.495. 

WARNING: Where the items are those which can be submitted to complete the entry of the international 
application into the national phase are subsequent to 30 months from the priority date the 
application is still considered to be in the international state end if mailing procedures are utilized 
to obtwn a date the express mail procedure of 37 C.F,R, § 1, 10 must be used (since international 
application papers are not covered by an ordinary certificate of mailing—See 37 CF.R. § 1.8. 

NOTE: Documents and fees must be cleariy identified as a submission to enter the national state under 35 
U,S.C. § 371 othenATise the submission will be considered as being made under 35 U.S.C ^ 111 37 
aF.R. § 1.494(f). * 

Applicant herewith submits to the United States Elected Office (EO/US) the following 
it^^mssynder 35 U.S.C. § 371 : 

This express request to immediately begin national examination procedures 
(35 U.S.C. § 371(f)). 

b. Q The U.S. National Fee (35 U.S.C. § 371 (c)(1)) and other fees (37 C.F.R. § 1 .492) 
as indicated below: 
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CLAIMS 
FEE 



BASIC FEE 



SMALL 
ENTITY 



TOTAL 



{1) FOR 



TOTAL 
CLAIMS 

30 



INDEPENDENT 
CLAIMS 



(2) NUMBER 
FILED 



30 -20- 



3 -3 = 



(3) NUMBER 
EXTRA 



10 



H) RATE 



X $18.00= $ 180.00 



(5) CALCULA- 
TIONS 



X $80.00 



MULTIPLE DEPENDENT CLAIM(S) (if applicable) 



+ $270.00 



□ U.S. PTO WAS INTERNATIONAL PRELIMINARY EXAMINATION 
AUTHORITY 

Where an International preliminary examination fee as set forth 
in § 1.482 has been paid on the international application to the 
U.S. PTO; 

□ and the international preliminary examination report 
states that the criteria of novelty, inventive step (non- 
obviouaness) and industrial activity, as defined In PCT 
Article 33(1) to (4) have been satisfied for ail the 
claims presented in the application entering the 
national stage (37 C.F.R. § 1.492(a)(4)) $100.00 

□ and the above requirements are not met (37 C.F.R. 

§ 1.492(a}(1)) $690.00 

© U.S. PTO WAS NOT INTERNATIONAL PRELIMINARY 
EXAMINATION AUTHORITY 

Where no international preliminary examination foe as sot forth 
in § 1.482 has been paid to the U.S. PTO, and payment of an 
international search fee as set forth in § 1.445(a)(2} to the U.S. 
PTO: 

□ has been paid (37 C.F.R. § 1.492(a)(2)) $710.00 

□ has not l>een paid (37 C.F.R. § 1.492{a)(3}) $1,000. 

O where a search report on the international application 

has been prepared by the European Patent Office or 
the Japanese Patent Office (37 C.F.R. 
§ 1.492(a)(5)) $860.00 



Total of above Calculations 



Reduction by 1/2 for filing by small entity, if applicable. Affidavit 
must be filed also, (note 37 C.F.R. § 1.9, 1.27, 1.28) 



Subtotal 



Total National Fee 



Fee for recording the enclosed assignment document $40.00 (37 
C.F.R. § 1.21(h)). (See Item 13 belov^). See attached "ASSIGNMENT 
COVER SHEET". 



Total Fees enclosed 



860,00 



1,040.00 



1,040.00 



$240.00 



$ 



1,280.00 



(6 Cover Sheets) 
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*See attached Preliminary Amendment Reducing the Number of Claims. 

1. SI A check in the amount of Si, 280.no to cover the above fees is enclosed. 

ii. □ Please charge Account No in the amount of $ 

A duplicate copy of this sheet is enclosed. 

**WARNING: To avoid abandonment of the application the appticant shall furnish to the United States Patent 
and Trademark Office not later than the expiration of 30 months from the priority date: * * * (2) 
the l>asic national fee (see § 1A92(a)), The 30-month time limit may not be extended. " 37 C.F.R. 
§ 1.495(b). 

WARNING: If the translation of the international application and/or the oath or declaration have not been 
submitted by the applicant within thirty (30) months from the priority date, such requirements may 
be met within a time period set by the Office. 37 C.RR, § 1.495(b)(2). The payment of the surt^harge 
set forth in § 1.492(e) is required as a corKlition for accepting the oath or declaration later than 
thirty (30) months after the priority date. The payment of the processing fee set forth in § 1.492(f) 
is required for acceptance of an English translation later tfian thirty 00) montfis after the priority 
date. Failure to comply with these requirements will result in abandonment of the application. The 
provisions of § 1.136 apply to the period which is set. Notice of Jan. 3, 1993, 1147 O.G. 29 to 
40. 

3. [3 A copy of the International application as filed (35 U.S.C. § 371(c)(2)): 

NOTE: Section 1.495 (b) was an^ended to require that the basic national fee and a copy of the international 
application must be filed with the Office by 30 months from the priority date to avoid abandonment. 
Ihe Internationa Bureau rtormally provides the copy of the international application to the Office in 
accordance with PCT Article 20. At the same time, the international Bureau notifies applicant of the 
communication to the Office, in accordance with PCT Rule 47.1, that notice shall be accepted by all 
designated offices as conclusive evideryce that the communication has duly taken place. Thus, if the 
applicant desires to enter the national stage, the appticant nomnally need only check to be sure the 
notice from the International Bureau has tjeen received and then pay the bas/c natior}al fee by 30 months 
from tiie priority date." Notice of Jan. 7, 1993, 1147 O.G. 29 to 40, at 35-36. See item 14c below. 

a. □ is transmitted herewith. 

b. □ is not required, as the application was filed with the United States 
Receiving Office. 

c. 0 has been transmitted 

i. ID by the intemational Bureau. 

Date of mailing of the application (from form PCT/1B/308): 11/^5/1999 

ii. □ by applicant on 

Date 

4. H A translation of the Intemational application into the English language 
(35 U.S.C. § 371(c)(2)): 

a. □ is transmitted herewith. 

b. O is not required as the application was filed in English. 

c. □ was previously transmitted by applicant on 

Date 

d. □ will follow. 
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6. H Amendments to the claims of the international application under PCT Article 19 
(35 U.S.C. § 371(c)(3)): 

NOTE: The Notice of January 7, 1993 points out that 37 C.F.R. § 1.495(a) was amended to darify the existing 
and continuing practice that PCT Article 19 amendnients must b© sutxnitted by 30 months from the 
priority date and this deadline may not be extended. The Notice further advises that: 'The failure to 
do so wit! not resuft in toss of the subject matter of the PCT Article 19 amendnients. Applicant may 
submit that sutiject matter in a preliminary amendment filed under section 1. 121. In many cases, filing 
an amendment under section 1.121 is preferable since grammatical or idiomatic errors may be 
corrected.'^ 1147 O.G, 29-40, at 36. 

a. □ are transmitted herewith. 

b. □ have been transmitted 

i. □ by the Intemational Bureau. 
Date of mailing of the amendment (from form PCT/1 B/308): 

ii. □ by applicant on (date) 

Date 

c. H have not been transmitted as 

i. 2? applicant chose not to make amendments under PCT Article 19. 
Date of mailing of Search Report (from fonm PCT/ISA/210.): 9/15/1999 

ii. □ the time limit for the submission of amendments has not yet expired. 
The amendments or a statement that amendments have not been made 
will be transmitted before the expiration of th^ time limit under 
PCT Ruie 46.1. 

A translation of the amendments to the claims under PCT Article 19 
(38 U.S.C. § 371(c)(3)): 

a. □ is transmitted herewith. 

b. □ is not required as the amendments were made in the English language. 

c. □ has not been transmitted for reasons indicated at point 5(c) above. 
A copy of the Intemational examination report (PCT/IPEA/409) 

Bt is transmitted herewith. 

□ is not required as the application was filed with the United States Receiv- 
ing Office. 

Annex(es) to the intemational preliminary examination report 

a. □ is/are transmitted herewith. 

b. □ is/are not required as the application was filed with the United States 
Receiving Office. 

A translation of the annexes to the intemational preliminary examination report 

a. □ is transmitted herewith. 

b. □ is not required as the annexes are in the English language. 
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10. 0 An oath or declaration of the inventor (35 U.S.C. § 371(c)(4)) complying with 

35 U.S.C. § 115 

a. □ was previously submitted by applicant on 

Date 

b. E is submitted herewith, and such oath or declaration 

i. □ is attached to the application. 

ii. XS identifies the application and any amendments under PCT Article 
19 that were transmitted as stated in points 3(b) or 3(c) and 5(b); and 
states that they were reviewed by the inventor as required by 

37 C.F.R. § 1.70. 

Hi. □ will follow. 
II. Other document(s) or infomnation included: 

11. 5k An International Search Report (PCT/ISA/210) or Declaration under 

PCT Article 17(2)(a); 

a. O Is transmitted herewith. 

b. □ has been transmitted by the International Bureau. 
Date of mailing (from form PCT/IB/308): 

c. □ is not required, as the application was searched by the United States 
International Searching Authority. 

d. □ will be transmitted promptly upon request. 

e. □ has been submitted by applicant on 

Date 

12. 0 An Infonnation Disclosure Statement under 37 C.F.R. §§ 1.97 and 1.98: 

a. ;Exk is transmitted herewith. 

Also transmitted herewith is/are: 
£3 Form PTO-1449 (PTO/SB/08A and 08B). 
O Copies of citations listed. 

b. □ will be transmitted within THREE MONTHS of the date of submission 
of requirements under 36 U.S.C. § 371(c). 

c. □ was previously submitted by applicant on 

Date 

13. An assignment document is transmitted herewith for recording. 

A separate O "COVER SHEET FOR ASSIGNMENT (DOCUMENT) ACCOMPA- 
NYING NEW PATENT APPLICATION" or □ FORM PTO 1 595 is also attached. 

5 Assignment documents 

1 Change of Corporate Name document 
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14. 0 Additional documents: ' * ' " ^x^^^ Ly-aU 

a. )S Copy of request (PCT/RO/101) 

b. )EK International Publication No, j!!0J9/603Sl 

i. [xl Specification, claims and drawing 

ii. □ Front page only 

c. □ Preliminary amendment (37 C.F.R. § 1.121) 

d. B Other 

PCT/RI/lOl, PCT/RO/102, PCT/RO/105, PCT/RO/106, PCT/RQ/138. PCT/TSA/? n?. 
PCT/IB/304. PCT/IB/306> PCT/IB/308, PCT/IB/332. PCT/IPEA/402, PCT/IPE A/401 , 
PCT/IPEA/408, PCT/IPEA/416 

15. S] The above checked items are being transmitted 

a. □ before 30 months from any claimed priority date. 

b. □ after 30 months. 

16. □ Certain requirements under 35 U.S.C. § 371 were previously submitted by the 

applicant on , namely: 



AUTHORIZATION TO CHARGE ADDITIONAL FEES 

WARNING: Accurately count claims, especially multiple dependant claims, to avoid unexpected high charges 
if extra claims are authorized, 

NOTE: "A written request may i>e submitted in an application that is an authorization to treat any concurrent 
or future reply, requiring a petition for an extension of time under this paragraph for its timely submission, 
as incorporating a petition for extension of time for the appropriate length of time. An authorization to 
charge all required fees, fees under § 1. 17, or all required extension of time fees will be treated as 
a constructive petition for an extension of time in any concurrent or future reply requiring a petition 
for an extension of time under this paragraph for its timely submission. Submission of the fee set forth 
in § 1.17(a) will also be treated as a constructive petition for an extension of time in any concurrent 
reply requiring a petition for an extension of time under this paragraph for its timely submission." 37 
C.F.R. § 1.136(a)(3). 

NOTE: ^'Amounts of twenty-five dollars or less will not be returned unless specifically requested within a 
reasonable time, nor will the payer Jbe notified of such amounts: amounts over twenty-five dollars may 
be returned by check or, if requested, by credit to a deposit account.'* 37 C.F.R § 1, 26(a). 

Bl The Commissioner is hereby authorized to charge the following additional 
fees that may be required by this paper and during the entire pendency of 
this application to Account No, 16-1350 

E 37 C.F.R. § 1.492(a)(1), (2), (3), and (4) (filing fees) 

WARNING: Because failure to pay the national fee within 30 months without extension (37 C.ER. § 1.495(b)(2)) 
results in abandonment of the application, it would be best to always check the above box. 
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B 37 C.F.R. § 1.492(b), (c) and (d) (presentation of extra claims) 
/V07H; Because additional fees for excess or multiple dependent claims not paid on filing or on later presentation 
must only he paid or these claims cancelled by amendment prior to the expiration of the time period 
set for response by the PTO in any notice of fee deftciency (37 C.F.R, § 1.492(d)), it might be best 
not to authorize the PTO to charge additional claim fees, except possible when dealing with amendments 
after final action. 

31 37 C.F.R. § 1.17 (application processing fees) 

□ 37 C.F.R. § 1.17{a)(1)-(5) (extension fees pursuant to § 1.136(a). 

□ 37 C.F.R. §1.18 (issue fee at or before mailing of Notice of Allowance, 
pursuant to 37 C.F.R. § 1.311(b)) 

NOTE: Where an authorization to charge the issue fee to a deposit account has been filed before the mailing 
of a Notice of Allowance, the issue fee will be automatically charged to the deposit account at the time 
of mailing the notice of aflowance. 37 C.F.R. § 1.311(b). 

NOTE: 37 C.F.R. § h28^) requires "Notiftcaiion of any change in loss of entitJement to small entity status must 
be filed in the application . . . prior to paying, or at the time of paying . . , issue fee. ' From the wording 
of 37 C.F.R. § 1.28(b): (^ notification of change of status must be made even if the fee is paid as 'other 
than a sma/i entit/' and (b) no notification is required if the change is to another small entity. 

[3 37 C.F.R. § 1.492(e) and (f) (surcharge fees for filing the declaration 
and/or filing an English translation of an Intemational Application later 
than 30 months after the priorltwdalte). 

PLEASE SEND AIL CORRESPONDENCE TO: /^/ / 

Si(WVli(RE OF PRACTITIO 

Reg. No.: 24,622 

Clarence A« Green 

Tel. No.: ( 203 ) 259-1800 ((VP® or print name of practitioner) 

PERNAN & GREEN, LLP 
Customer No.: 2512 P.O. Address 

425 Post Road, Fairfield, Connecticut 06430, USA 



PLEASE SEND ALL CORRESPONDENCE TO: 

Clarence A. Green 
PERHAN & GREEN, LLP 

425 Post Road, Fairfield, Connecticut 06430, USA 
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INSTRUMENT FOR MONITORING POLYMERASE CHAIN REACTION OF DNA 



This invention relates to biochemical analyses, and particularly to quantitative monitoring 
5 of DNA during a polymerase chain reaction (PGR) process. 

BACKGROUND 

Polymerase chain reaction (PCR) is a process for amplifying or multiplying quantities of 
10 double-stranded deoxyribonucleic acid (DNA), In a PCR apparatus, a thermal cycler 

block has one or more wells for holding vials containing a suspension of ingredients for a 
reaction to produce more DNA starting with "seed" samples of the DNA. The starting 
ingredients in an aqueous suspension, in addition to the a seed sample, include selected 
DNA primer strands, DNA elements, enzymes and other chemicals. The temperature of 
15 the block is cycled between a lower temperature extension phase of the PCR reaction at 
about eO^^C, which is the phase where all of the DNA strands have recombined into double 
strands, and a high temperature denaturing phase at about 95°C, during which the DNA is 
denatured or split into single strands. Such a temperature program essentially doubles the 
DNA in each cycle, thus providing a method for replicating significant amounts of the 
2 0 DNA from a small starting quantity. The PCR process is taught, for example, in U.S. 
patent No. 4,683,202, 

Quantitative measurements have been made on the DNA production during the PCR 
process, to provide measures of the starting amount and the amount produced. 

25 Measurements and computation techniques are taught in U.S. patent No, 5,766,889 

(Atwood), as well as in an article "Kinetic PCR Analysis: Real-time Monitoring of DNA 
Amplification Reactions" by Russel Higuchi, et al,, Bio/Technology vol. 11, pp. 1026- 
1030 (September 1993), and an article "Product Differentiation by Analysis of DNA 
Melting Curves during the Polymerase Chain Reaction" by Kirk M. Ririe, et aL, Analytical 

30 Biochemistry vol. 245, pp. 154-160 (1997). 
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Prior measuring techniques have utilized microvolume fluorometers (spectrofluorometers) 
and a simple arrangement of a video camera with illumination lamps. Such apparatus 
utilize dyes that fluoresce in the presence of double-stranded DNA. These techniques and 
instruments are not particularly adapted to PCR apparatus for routine monitoring of the 
5 reaction. There also is a need for greater precision during the monitoring and 

measurements. Previous instruments that allow real time acquisition and analysis of PCR 
data have been very basic devices without the required dynamic range, do not have built-in 
calibration means, do not allow operation with sample well caps, or are very expensive. 

10 An object of the present invention is to provide a novel optical instrument for quantitative 
monitoring of DNA replication in a PCR apparatus. Other objects are to provide such an 
instrument with improved dynamic range, automatic selection of exposure time to extend 
dynamic range, automatic adjustment for drift, simplified operation, relatively low cost, 
and easy changing of optics to accommodate different fluorescent dyes. 

15 

SUMMARY 

The foregoing and other objects are achieved, at least in part, by an optical instrument as 
described herein for monitoring polymerase chain reaction replication of DNA. The 

2 0 replication is in a reaction apparatus that includes a thermal cycler block for holding at 

least one vial containing a suspension of ingredients for the reaction. The ingredients 
include a fluorescent dye that fluoresces proportionately in presence of DNA. 

The instrument includes a light source, means for directing light beams, a light detector, 
25 and means for processing data signals. The light source emits a source beam having at 
least a primary excitation frequency that causes the dye to fluoresce at an emission 
frequency. A first means is disposed to be receptive of the source beam to effect an 
excitation beam having the excitation frequency, A primary focusing means is disposed to 
focus the exchation beam into each suspension such that the primary dye emits an 

3 0 emission beam having the emission frequency and an intensity representative of 

concentration of DNA in each suspension. The focusing means is receptive of and passes 
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the emission beam. A second means is disposed to be receptive of the emission beam from 
the focusing means so as to further pass the emission beam at the emission frequency to 
another focusing means that focuses the emission beam onto a detector. The detector 
generates primary data signals representative of the emission beam and thereby a 
5 corresponding concentration of DNA in each vial. A processor is receptive of the primary 
data signals for computing and displaying the concentration of DNA. 

In a preferred embodiment, the first means and the second means together comprise a 
beam splitter that is receptive of the source beam to effect the excitation beam, and 

10 receptive of the emission beam to pass the emission beam to the detector. The block is 
configured to hold a plurality of vials, and the focusing means comprises a corresponding 
plurality of vial lenses each disposed over a vial such that the emission beam comprises 
individual beams each associated with a vial The focusing means may further comprise a 
field lens such as a Fresnel lens disposed cooperatively with the vial lenses to effect 

15 focusing of the excitation beam into each suspension, and to pass the individual beams to 
the second means (beam splitter). The detector preferably comprises an array of 
photoreceptors receptive of the individual beams to generate corresponding data signals 
such that the processing means computes concentration of DNA in each vial. 

20 The instrument should also include an excitation filter between the light source and the 
beam splitter, and an emission filter between the beam splitter and the detector. The 
splitter and filters are associated with a selected primary dye in the suspension. In a 
further embodiment, a filter module contains the splitter and filters, and the module is 
removable from the housing for replacement with another module associated with another 

25 selected primary dye. 

For a reference, a fluorescent reference member emits reference light in response to the 
excitation beam. The reference is disposed to be receptive of a portion of the excitation 
beam from the first means. A portion of the reference light is passed by the second means 
30 as a reference beam to the detector, so as to generate reference signals for utilization in 
the computing of the concentration of DNA. Preferably the reference member comprises 
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a plurality of reference emitters, each emitting a reference beam of different intensity in 
response to the excitation beam, to allow selection by the processor of a reference set 
having the highest data signals that are less than a predetermined maximum that is less 
than the saturation limit. 

5 

The detector is operatively connected to the processing means for the detector to integrate 
emission beam input over a preselected exposure time for generating each set of data 
signals, and the processing means or the detector or a combination thereof have a 
saturation limit for the data signals. In a further aspect of the invention, the processing 

10 means comprises adjustment means for automatically effecting adjustments in exposure 
time to maintain the primary data within a predetermined operating range for maintaining 
corresponding data signals less than the saturation limit, and means for correcting the 
primary data in proportion to the adjustments in exposure time. Preferably, the processor 
computes photoreceptor data from the data signals for each photoreceptor, and the 

15 adjustment means ascertains highest photoreceptor data, determines whether the highest 
photoreceptor data are less than, within or higher than the predetermined operating range 
and, based on such determination, the exposure time is increased, retained or reduced so 
as to effect a subsequent exposure time for maintaining subsequent photoreceptor data 
within the predetermined operating range. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic of an optical train for an optical instrument according to the 
invention, associated with a polymerase chain reaction (PGR) reaction apparatus. 

25 

FIG, 2 is a perspective of the instrument of FIG. 1 with a side panel removed. 
FIG. 3 is an exploded perspective of a module shown in FIG. 2. 
30 FIG. 4 is a perspective of a reference member in the optical train of FIG. 1. 
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¥1G. 5 is a flow chart for computing DNA concentration from data obtained with the 
instrument of FIG, 1. 



FIG* 6 is a flow chart for determining exposure time for data acquisition in operation of 
5 the instrument of FIG, 1 and for computations in the flow chart of FIG. 5. 

FIG. 7 is a graph of extension phase data of fluorescence vs. cycles from operation of the 
instrument of FIG, 1 with a PGR apparatus. 

10 FIG, 8 is a flow chart for computing secondary data for computations in the flow chart of 
FIG, 5, 

FIG. 9 is a flow chart for computing ratios between the plurality of reference emitter 
segments of the reference member of FIG. 4. 

15 

DETAILED DESCRIPTION 

An optical instrument A of the invention is utilized with or incorporated into a reaction 
apparatus B that replicates ("amplifies") selected portions of DNA by polymerase chain 
20 reaction ("PGR"). The reaction apparatus is conventional and should fiinction without 
interference from the instrument which monitors the amount of DNA in real time during 
replication. Suitable reaction apparatus are described in U.S. patent Nos. 5,475,610 and 
5,656,493. 

25 The reaction apparatus (FIG, 1) is conventional and has two main components, namely a 
thermal cycler block 1 with wells la for holding at least one vial lb containing a 
suspension of ingredients for the reaction, and a thermal cycle controller Ic for cycling the 
temperature of the block through a specified temperature program. The starting 
ingredients of the aqueous suspension of sample materials include a "seed" sample of 

30 DNA, selected DNA primer strands, DNA elements, enzymes and other chemicals. The 
block, typically aluminum, is heated and cooled in a prescribed cycle by electrical means, 
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liquid or air coolant, or a combination of these, or other means to achieve the cycling. 
The suspensions in the vials are thereby cycled between two temperature phases so as to 
effect the polymerase chain reaction. These phases are a lower temperature extension 
phase of the PGR reaction at about 60°C, which is the phase where all of the DNA strands 
5 have recombined into double strands, and a high temperature denaturing phase at about 
95^C, during which the DNA is denatured or split into single strands. 

For the present purpose the sample also contains a fluorescent dye that fluoresces 
proportionately and more strongly in the presence of double stranded DNA to which the 

10 dye binds, for example SYBR Green dye (available from Molecular Probes, Inc., Eugene, 
Oregon) that fluoresces in the presence of double stranded DNA. Another type of 
fluorescent dye labeled "probes", which are DNA-like structures with complimentary 
sequences to selected DNA strand portions, may also be used. Other dyes that have 
similar characteristics may be utilized. As used herein and in the claims, the term "marker 

15 dye" refers to the type that binds to double stranded DNA, or to the probe type, or to any 
other type of dye that attaches to DNA so as to fluoresce in proportion to the quantity of 
DNA Samples may also contain an additional, passive dye (independent of the DNA) to 
serve as a reference as described below. Under incidence of light having a correct 
excitation frequency, generally a dye fluoresces to emit light at an emission frequency that 

20 is lower than that of the excitation light. 

The vials typically are formed conically in a plastic unitary tray containing a plurality of 
vials, for example 96 in an array of 12 by 8. The tray preferably is removable from the 
block for preparations. A plastic unitary cover with caps Id for the vials may rest or 
25 attach over the vials to prevent contamination and evaporation loss. Other means may be 
used for this function, such as oil on the sample surface, in which case caps are not 
needed. If used, the caps are transparent to light utilized in the instrument, and may be 
convex facing upwardly. 

3 0 The monitoring instrument is mounted over the block containing the vials. The instrument 
is removable or swings away for access to the vials. In the bottom of the instrument, a 
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platen 2 rests over the vial caps or, if none, directly over the vials. The platen, 
advantageously aluminum, has an array of holes 2a therethrough aligned with the vials, 
each hole having a diameter about the same as the vial top diameter. If there are caps, the 
platen should have its temperature maintained by a film heater or other means for heating 
5 the platen sufficiently to prevent condensation under the caps without interfering with 
DNA replication in the vials, for example holding the platen at slightly higher temperature 
than the highest sample temperature that the thermal cycler reaches. 

Above each of the vials is a lens 2b positioned for its focal point to be approximately 
10 centered in the suspension in the vial. Above these lenses is a field lens 3 to provide a 
telecentric optical system. Advantageously the field lens is an aspherically corrected 
Fresnel lens for minimal distortion. A neutral density pattern (not shown) to correct 
nonuniformities in illumination and imaging may be mounted on or in proximity to the field 
lens, for example to attenuate light in the center of the image field. A folding optical 
15 mirror is optionally mounted at 45** for convenient packaging. This may be omitted, or 

other such folding optics may be used. Also the field lens, and/or the vial lenses, each may 
be comprised of two or more lenses that effect the required focusing, the word "lens" 
herein including such multiplicities. 

20 A light source 11 for a source beam 20 of light is provided, for example a 100 watt 

halogen lamp. Preferably this is mounted at a focal distance of an ellipsoid reflector 11a 
which produces a relatively uniform pattern over the desired area. Also, advantageously, 
the reflector should be dichroic, i.e. substantially reflecting visible light and transmitting 
infrared light, to restrict infrared from the other optical components and from overheating 

25 the instrument. This is further aided by a heat reflecting mirror 13 in the optical path. A 
mechanical or electronic shutter 12 allows blockage of the light source for obtaining dark 
data. The type of light source is not critical, and other types may be used such as a 
projection lamp or a laser, with appropriate optical elements. 

30 A beam splitter 6 is disposed to receive the source beam 20. In the present embodiment 
this is a dichroic reflector such that, positioned at 45^ it reflects light having an excitation 
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frequency that causes the marker dye to fluoresce at an emission frequency, and passes 
light having the emission frequency. Such a conventional optical device typically utilizes 
optical interference layers to provide the specific frequency response. 

The beam splitter is positioned to reflect the source beam to the folding mirror. The 
source beam is reflected from the splitter as a excitation beam 22 having substantially the 
excitation frequency. The excitation beam is focused by the field lens 3 and then as 
separated beams 24 by the vial (well) lenses 2b into the center of the vials. The marker 
dye is thereby caused to emit light at the emission frequency. This light is passed 
upwardly as an emission beam in the form of individual beams 26 that are reflected from 
the folding mirror 5 to the beam splitter 6 which passes the emission beam through to a 
detector 10. 

Together the vial lenses 2b and the field lens 3 constitute a primary focusing means for 
focusing both the excitation beam and the emission beam. In an alternative aspect, the 
field lens may be omitted so that the focusing means consists only of the vial lenses 2b. 
Alternatively, the vial lenses may be omitted so that the focusing means consists only of an 
objective lens in the field lens position to focus the individual emission beams on the 
detector. 

Also, alternatively, the beam splitter 6 may pass the source beam as an excitation beam 
and reflect the emission beam, with appropriate rearrangement of the lamp and the 
detector Moreover, other angles than 45° could be used if more suitable for the beam 
splitter, such as a more perpendicular reflection and pass through. More broadly, the 
beam splitter splits the optical paths for the excitation beam and the emission beam, and 
other variations that achieve this may be suitable. It is desirable to minimize source light 
reaching the detector, which the dichroic device helps achieve. A non-dichroic beam 
splitter may be used but would be less efficient as significant source light may reach the 
detector, or may be reflected or transmitted in the wrong direction and lost. 
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To further filter the source light, an excitation filter 7 is disposed between the light source 
11 and the beam splitter 6. This passes light having the excitation frequency and 
substantially blocks light having the emission fi-equency. Similarly, an emission filter 8 is 
disposed between the beam splitter and the detector, in this case between the splitter and a 
5 detector lens 9 in fi-ont of the detector. This filter passes light having the emission 
frequency and substantially blocks light having the excitation frequency. Although a 
detector lens is preferred, a focusing reflector may be substituted for the detector lens. 
Such an emission focusing means (detector lens or reflector) may be located afl;er (as 
shown) or before the beam splitter and on either side of the emission filter, and 
10 alternatively may be integrated into the primary focusing means. For example, the field 
lens may be an objective lens that focuses the emission beam onto the detector. 

Suitable filters are conventional optical bandpass filters utilizing optical interference films, 
each having a bandpass at a frequency optimum either for excitation of the fluorescent dye 

15 or its emission. Each filter should have very high attenuation for the other (non-bandpass) 
fi-equency, in order to prevent "ghost" images from reflected and stray light. For SYBR 
Green dye, for example, the excitation filter bandpass should center around 485 nm 
wavelength, and the emission filter bandpass should center around 555 nm. The beam 
splitter should transition fi-om reflection to transmission between these two, e.g. about 510 

20 nm, so that light less than this wavelength is reflected and higher wavelength light is 
passed through. 

More broadly, the excitation filter and the beam splitter together constitute a first means 
disposed to be receptive of the source beam to effect an excitation beam having the 

25 excitation frequency, and the emission filter and the beam splitter together constitute 
second means disposed to be receptive of the emission beam from the focusing means 
as to pass the emission beam at the emission frequency to the detector. Also, as 
mentioned above, the beam splitter alternatively may pass the source beam as an excitation 
beam and reflect the emission beam to the detector. In another aspect, the filters may be 

3 0 omitted, and the first means is represented by the beam splitter effecting the exitation 



a 

so 
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beam from the source beam, and the second means is represented by the beam splitter 
passing the emission beam to the detector 



In another arrangement, the beam splitter may be omitted, and the first means may 
5 constitute an excitation filter for the excitation frequency, the second means may 

constitute an emission filter for the emission frequency, with the light source and the 
detector being side by side so that the excitation and emission beams are on slightly 
different optical paths angularly. The source and detector need not actually be side by side 
with one or more folding mirrors. Thus any such arrangement for achieving the eflfects 
10 described herein should be deemed equivalent. However, use of the beam splitter is 

preferred so that the excitation and emission beams through the field lens will have the 
same optical path. 

Advantageously the beam splitter 6, the excitation filter 7 and the emission filter 8 are 
15 affixed in a module 30 (FIG. 2) that is associated with a selected primary dye for the 
suspension. The module is removable fi-om the housing 32 of the instrument A for 
replacement with another module containing different beam splitter and filters associated 
with another selected primary dye. The instrument includes a lamp subhousing 33 and a 
camera subhousing 35, 

20 

In an example (FIG. 3), each module includes a mounting block 34 with a flange 36 that is 
affixable to the housing with a single screw 38. The beam splitter 6 is held at 45'' in the 
block with a frame 40 and screws 42. The emission filter 8 mounts (e.g. with glue) into 
the block. The excitation filter 7 mounts similarly into a mounting member 44 that is held 
25 by screws 46 to the block. With the module in place, the instrument is closed up with a 
side plate 47 that is screwed on. Positioning pins (not shown) ensure repeatable 
alignment. The replacement module may have the same mounting block and associated 
components, with the beam splitter and filters replaced. 
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The detector lens 9 (FIG* 1) is cooperative with the vial lenses 2 fa and the field lens 3 to 
focus the individual beams on the detector 10. The lens should be large aperture, low 
distortion and minimum vignetting. 

5 The detector preferably is an array detector, for example a charge injection device (CID) 
or, preferably, a charge coupled device (CCD). A conventional video camera containing a 
CCD detector, the detector lens and associated electronics for the detector should be 
suitable, such as an Electrim model lOOOL which has 75 1 active pixels horizontal and 242 
(non-interlaced) active pixels vertical. This camera includes a circuit board that directly 
10 interfaces to a computer ISA bus. No framegrabber circuitry is required with this camera. 
Essentially any other digital imaging device or subsystem may be used or adapted that is 
capable of taking still or freeze-frame images for post processing in a computer. 

A detector with a multiplicity of photoreceptors (pixels) 78 is preferable if there are a 
15 plurality of vials, to provide separate monitoring of each. Alternatively a scanning device 
may be used with a single photodetector, for example by scanning the folding mirror and 
using a small aperture to the detector. Also, a simple device such as a photomultipier may 
be used if there is only one vial. A CCD receives light for a selected integration period 
and, after analog/digital conversion, reads out digital signal data at a level accumulated in 
20 this period. The integration is effectively controlled by an electronic shutter, and a frame 
transfer circuit is desirable. Signal data are generated for each pixel, including those 
receiving the individual beams of emitted light from the vials. 

The instrument preferably includes a fluorescent reference member 4 that emits reference 
25 light in response to the excitation beam. Advantageously the reference member is formed 
of a plurality of reference emitters, e.g. 6, each emitting a reference beam of different 
intensity in response to the excitation beam. The range of these intensities should 
approximate the range of intensities expected from the marker dye in the vials; for 
example each segment may be separated in brightness by about a factor of 2.5. The 
30 reference member is disposed to receive a portion of the excitation beam from the beam 
splitter. A good location is adjacent to the field lens, so that the optical paths associated 
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with the member approximate those of the vials. Most of the reference light passes back 
through the beam splitter as a reference beam to the detector. The detector pixels receive 
the emission beam to generate reference signals for utilization along with the data signals 
in the computing of the concentration of DNA. 

5 

Advantageously the reference member 4 (FIG. 4) comprises a plastic fluorescent strip 4a 
and a neutral density filter 4b mounted over the fluorescent strip, optionally with an air 
space 4h between, such that a portion of the excitation beam and the reference beam are 
attenuated by the neutral density filter. The neutral density filter has a series of densities 

10 4c to effect the plurality of reference emitters (segments) each emitting a reference beam 
of different intensity. A heating strip 4d and an aluminum strip 4g to smooth the heating 
are mounted in a trough 4e on the bottom thereof, and the fluorescent strip is mounted on 
the aluminum strip over the heating strip. To prevent heat loss, this assembly preferably is 
covered by a transparent plexiglass window (not shown, so as to display the varying 

15 density fiher). To help maintain constant fluorescence, the heating strip is controlled to 
maintain the fluorescent strip at a constant temperature against the thermal cycles of the 
cycler block and other effects. This is done because most fluorescent materials change in 
fluorescence inversely with temperature. 

20 The computer processor 14 (FIG. 1) may be a conventional PC. The computer 

programming is conventional such as with "C\ Adaptations of the programming for the 
present invention will be readily recognized and achieved by those skilled in the art. The 
processor selectively processes signals from pixels receiving light from the vials and the 
reference emitters, ignoring surrounding light. The programming therefore 

25 advantageously includes masking to define the pixel regions of interest (ROI), e.g. as 

disclosed in copending provisional patent application serial No. 60/092,785 filed 07/14/98 
of the present assignee. Mechanical alignment of the optics may be necessary to 
cooperatively focus the beams into the programmed regions of interest. The analog data 
signals are fed to the processor through an analog/digital (A/D) device 15 which, for the 

3 0 present purpose, is considered to be part of the processor. A saturation level is proscribed 
by either the detector or the A/D or, preferably, the CCD dynamic range is matched to the 
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A/D dynamic range. A suitable range is 8 bits of precision (256 levels), and the CCD 
amplifier offset is set so that the dark signal output of the CCD (with the shutter 12 
closed) is within the A/D range. The processor instructs the detector with selected 
exposure time to maintain the output within the dynamic range. 

5 

In a typical operation, fluorescence data are taken from the plurality of vials (e.g. 96 
regions of interest) and from the reference emitter segments, for each cycle in a DNA 
reaction replication sequence of thermal cycles, typically 40 to 50. Two data sets are 
taken (FIG. 5) for each thermal cycle during the extension phase of the PCR reaction at 

10 about 60°C, which is the phase where all of the DNA strands have recombined into double 
strands. One set is normal primary data 50 (along with reference data described below) 
and the other is dark signal data 51 with the mechanical shutter closed. Both digital data 
sets 50, 51 are converted by the A/D 15 from respective analog data signals 48, 49 from 
the detector. The dark are subtracted 55 from the normal, to yield dark-corrected data 57. 

15 In a simple procedure, the subtraction is pixel by pixel. Alternatively, total dark for each 
region of interest are subtracted from corresponding total fluorescence data. In another 
alternative, in order to increase effective dynamic range, it is advantageous to collect 
multiple exposures during each exposure period, e.g. 4 or 8 exposures. This is done by 
collecting multiple normal exposures and dark signal data for each pixel, subtracting each 

20 respective dark image from the normal data, then adding the subtracted data together to 
yield the primary data. This improves the statistical validity of the image data and 
increases its effective dynamic range. 



Data are taken simultaneously from the reference strip which has, for example, 6 segments 
25 together with the 96 vials for a total of 102 regions of interest. Preferably the processing 
means provides for automatic adjustment of the exposure time to maintain the data signals 
within a predetermined operating range that is less than the saturation limit during the 
DNA replication sequence, for example 35% to 70% of saturation. Computations for 
DNA concentration include corrections in proportion to adjustments in exposure time 
3 0 (FIG. 6). Signal data 50, 51 from each exposure 52, 53 are obtained during a previously 
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determined exposure time 54 by totaling the pixel counts within each region of interest 
(ROI). 

To provide the time adjustments, the highest signal data 56, which is data from one or 
more highest pixel readings, such as the three highest-reading contiguous pixels, is 
searched out 58 from the corresponding data signals 50. From a comparison 62 it is 
determined whether the highest signal data are less than, within or higher than the selected 
operating range 60, Based on such determination, the exposure time is adjusted 64, i.e. 
increased, retained or reduced, to obtain the subsequent exposure time 66, A reference 
time 68 (FIG. 5) also is selected which may be, for example, an initial time or a fixed 
standard time such as 1024 ms. The dark-corrected data 57 is time-corrected 69 to yield 
corrected primary data 71, dividing by ratio of actual exposure time to the reference time. 
The first several cycles may be out of range, and thereafter a useful fluorescence curve 
should be obtained (FIG, 7). 

For the reference emitter, from the pixels receiving light from the reference strip 4 (FIGS. 
1 and 4) reference data signals 73 are generated and converted by the A/D 15 to reference 
data 72. Selected reference data 74 from a specific reference segment 4c (FIG. 4) are 
selected 76 as that data having the highest signal strength that is less than a predetermined 
maximum 77 that, in turn, is less than the saturation limit, e.g. 70%. A next dimmer 
segment is also selected 75, and the selected reference data 74 include the data from that 
segment. The dark data 51 are subtracted 78 from the reference data 74, and the dark- 
corrected data 80 are adjusted 84 for exposure time 54 to yield adjusted reference data 82. 

The data 82 includes dark corrected data 82' for the highest segment and dark corrected 
data 82" for the next dimmer segment (FIG. 9). The ratios of brightness between each 
segment are computed 89 and built up over the course of data collection. Each time data 
is collected, the ratio between the highest and next dimmer segment is calculated. As 
different optimum segments are selected on succeeding data collections, a table of ratios 
85 is assembled. Alternatively, these rations may be collected and calculated in advance. 
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This adjusted reference data 82' (from data 82, FIG, 5) are utilized for computing 
normalized reference data 88 which are normalized 86 in real time as a ratio to reference 
data 90 from an initial or other selected previous cycle in the DNA replication (PCR) 
sequence by working back with the ratios 85. The normalized reference data are utilized 
5 on the corrected primary data 71 in a normalization computation 92 to provide drift 

normalized primary data 94 by dividing the primary data by the normalized reference data. 
This corrects for instrument drift during the monitoring. DNA concentration 96 may then 
be computed 98 from a stored calibration factors 99, determined by running standard 
known DNA concentrations to determine the slope and intercept of a line relating starting 
10 concentration to the starting cycle of the growth curve (FIG. 7) as taught in the 

aforementioned article by Higuchi and U.S. Patent No. 5,766,889. (Further normalization 
118, 120 and baseline correction 122-130 are discussed below.) 

Extension phase data for a typical PCR sequence would look like FIG. 7, plotted for each 
15 PCR cycle. If desired, the data may be corrected for dye bleaching or other sample 

chemical effects by normalizing to sample vials containing samples with the same dye and 
J with DNA amplification prevented chemically. 

The sample additionally may contain one or more types of dye molecules that serve as a 
20 "passive" reference having some fluorescence in the same wavelength range as the DNA 
binding dye. This reference dye is made up, for example, of a nucleic acid sequence 
labeled with Rhodamine and Fluorescein dye derivatives. A suitable reference is Rox dye 
from Perkin-Elmer Applied Biosystems. These passive dye molecules do not take part in 
the PCR reaction, so that their fluorescence is substantially without influence from DNA 
25 and remains constant during the reaction. This fluorescence can be used to normalize the 
fluorescence from the DNA binding dye with a standard concentration of passive dye 
included in the ingredients of at least one vial, preferably in every vial. 



The source beam includes a secondary exchation frequency that causes the passive dye to 
fluoresce at a secondary frequency and thereby emit a secondary beam directed to the 
detector to generate corresponding secondary data signals. The processor is receptive of 
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the secondary data signals for computing secondary data representative of standard 
concentration. These data are used to normalize the primary data, so that the 
concentration of DNA is normalized to the standard concentration of passive dye after 
correcting computations of concentration of DNA in proportion to adjustments in 
exposure time, and in conjunction with the normalization for drift. Advantageously, and in 
the present example, the secondary excitation frequency is identical to the primary 
excitation frequency, and the passive dye fluoresces such that the emitted secondary beam 
is substantially at the emission frequency. The primary data signals are generated during 
each extension phase of cycling of the thermal cycler block when DNA is recombined and 
correspondingly primary dye emission is maximized. The secondary data signals are 
generated during each denature phase of cycling of the thermal cycler block when DNA is 
denatured and correspondingly primary dye emission is minimized. Thus data signals for 
the primary phase are substantially representative of DNA concentration, and data signals 
for the secondary phase are substantially representative of the standard concentration of 
passive dye. 



The dark and normal data are taken for the vial samples and the reference strip, and the 
dark is subtracted from the normal fluorescence data. This dark and normal data set is 
taken during the extension phase of the PCR reaction at about 60°C, which is the phase 
where all of the DNA strands have recombined into double strands. During this phase, the 
fluorescence from the DNA binding dye is maximized, and the fluorescence from the 
passive reference molecules is superimposed but much smaller. A separate dark and 
normal data set is taken during the high temperature (about 95"C) denaturing phase, 
during which the DNA is denatured or split into single strands. During this phase, the 
fluorescence of the DNA binding dye is minimized, and almost non-existent, because the 
DNA is not double stranded and the fluorescence of the dyes used have a large decrease in 
fluorescence with increased temperature. Therefore the denaturing phase images 
substantially contain reference fluorescence from the passive reference molecules. The 
dark-corrected reference (denaturing) data set, after correction for measured temperature 
dependence, may be subtracted from the dark-corrected DNA binding dye data set, or may 
be deemed insignificant for the normal data set. 
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Alternatively, it may be desirable to image the passive reference dye labeled molecules by 
taking the additional images, for each PGR cycle, using a separate optical bandpass filter 
that rejects wavelengths emitted by the DNA binding dye while accepting wavelengths 
from the passive reference dye. This data would be functionally equivalent to the denature 
data. 

Illustrating operation for the denature phase (FIG. 8), respective normal and dark data 
signals 102, 104 are obtained in the same manner as for the primary data, with normal 
exposure 52' and closed shutter 53V Exposure time 106 may be the same as for an 
adjacent extension phase in the sequence, or determined from a previous denature phase 
run (as described with respect to FIG. 7), or may be a suitable time predetermined for all 
denature phases in the sequence. The A/D 15 converts the signals to secondary data 108 
and dark data 110, The dark is subtracted 55' from the secondary to yield dark-corrected 
data 112 which is further corrected 69* with a reference time 114 and the actual exposure 
time 106 to yield corrected secondary data 116, 

The extension cycle, drift normalized primary data 94 then are normalized 118 by dividing 
by the average of a selected number (e.g. 10) of cycles for the denature phase corrected 
secondary data 116 to produce further normalized fluorescence data or further normalized 
data 120, which removes sample well to well non-uniformity effects. Cycle by cycle 
division may be used in place of an average. Alternatively the secondary data may be 
applied to the corrected primary data 71 before or after drift normalization. Baseline 
samples may be selected 122 and averaged 124 to produce baseline data 126. The further 
normalized data 120 are then divided 128 by the baseline data to yield baseline corrected 
data 130. These baseline samples are selected so as to be before the PGR growth exceeds 
the nearly horizontal base line portion of the curve in FIG. 7, Selected baseline cycles 
may be, for example, cycles 6 through 15. After further normalization 118, the further 
normalized data 118 are used to compute 98 DNA concentration 96. 
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The trend (e,g. least squares regression line) of these same baseline samples is subtracted 
from the normalized extension cycle data, to produce data that has a flat base line at zero. 
This data set may then be processed using established or other desired PGR methods to 
calculate the amount of starting copies of DNA. A simple procedure is to extrapolate for 
the inflection point at the transition from flat to rising, A more sophisticated procedure is 
described in the aforementioned U.S. patent No. 5,766,889. 

The data may be used for various purposes, for example quantitative monitoring of the 
reaction or determination of replicated DNA concentration, or determination of the 
starting amount. The instrument also may be used (with or without normalizations and 
other corrections) simply to display whether replication is taking place during a sequence, 
or has taken place. 

While the invention has been described above in detail with reference to specific 
embodiments, various changes and modifications which fall within the spirit of the 
invention and scope of the appended claims will become apparent to those skilled in this 
art. Therefore, the invention is intended only to be limited by the appended claims or their 
equivalents. 
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What is claimed is: 

1. An optical instrument for monitoring polymerase chain reaction replication of DNA in 
a reaction apparatus that includes a thermal cycler block for holding at least one vial 
containing a suspension of ingredients for the reaction, the ingredients including a 
fluorescent primary dye that fluoresces proportionately in presence of DNA, the 
instrument comprising: 

a light source for emitting a source beam having at least a primary excitation frequency 
that causes the primary dye to fluoresce at an emission frequency; 

first means disposed to be receptive of the source beam to effect an excitation beam 
having the excitation frequency; 

primary focusing means disposed to focus the excitation beam into each suspension such 
that the primary dye emits an emission beam having the emission frequency, the emission 
beam having an intensity representative of concentration of DNA in each suspension, the 
focusing means being receptive of and passing the emission beam; 

second means disposed to be receptive of the emission beam from the focusing means so 
as to further pass the emission beam at the emission frequency; 

emission focusing means for focusing the emission beam; 
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a detector disposed to be receptive of the emission beam from the second means and the 
emission focusing means such that the emission beam is focused onto the detector, the 
detector generating primary data signals representative of the emission beam and thereby a 
corresponding concentration of DNA in each vial; and 

processing means receptive of the primary data signals for computing primary signal data 
and the corresponding concentration of DNA. 

2. The instrument of claim 1 wherein the first means and the second means together 
comprise a beam splitter that is receptive of the source beam to effect the excitation beam, 
and receptive of the emission beam to pass the emission beam at the emission frequency to 
the detector. 

3. The instrument of claim 2 wherein the beam splitter is disposed to reflect light having 
the excitation frequency and pass light having the emission frequency. 

4. The instrument of claim 1 wherein the block is configured to hold a plurality of vials, 
the focusing means comprises a corresponding plurality of vial lenses each being disposed 
for positioning over a vial such that the emission beam comprises individual beams each 
associated with a vial, and the detector comprises an array of photoreceptors receptive of 
the individual beams to generate corresponding data signals such that the processing 
means computes concentration of DNA in each viaL 
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5. The instrument of claim 4 wherein the vials have transparent vial caps, the instrument 
further comprises a platen having holes therein aligned with the vial lenses so as to pass 
the individual beams and associated portions of the excitation beam therethrough, the 
platen being disposed for the holes to fit over the caps in contact therewith, and fiirther 
comprises heating means for heating the platen sufficiently to prevent condensation under 
the caps without interfering with DNA replication in the vials. 

6. The instrument of claim 4 wherein the focusing means further comprises a field lens 
disposed cooperatively with the vial lenses to effect focusing of the excitation beam into 
each suspension, and to pass the individual beams to the second means, 

7. The instrument of claim 6 wherein the field lens is an aspherically corrected Fresnel 
lens. 

8. The instrument of claim 6 wherein the emission focusing means comprises a detector 
lens disposed between the second means and the detector, the detector lens being 
cooperative with the vial lenses and the field lens to focus the individual beams on the 
detector. 

9. The instrument of claim 8 further comprising a fluorescent reference emitter that emits 
reference light in response to the excitation beam, the reference emitter being disposed for 
the emission focusing means to focus at least a portion of the reference light as a reference 
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beam onto the detector, the detector being further receptive of the reference beam to 
generate a reference signal, and the processing means comprises means receptive of the 
reference signal for computing reference data, and means for normalizing the primary data 
with the reference data for a chosen point in the reaction replication of DNA, thereby 
correcting for instrument drift during the monitoring. 

10. The instrument of claim 9 wherein the reference member comprises a plurality of 
reference emitters each emitting a reference beam of different intensity in response to the 
excitation beam, the reference emitters being disposed for the emission focusing means to 
focus each reference beam onto the detector, the detector being further receptive of each 
reference beam to generate a set of reference signals for each reference emitter, and the 
processing means comprises means receptive of the reference signals for computing 
corresponding sets of reference data, means for selecting from the sets the selected 
reference data that has the highest signal data less than a predetermined maximum, the 
selected reference data being used for normalizing the primary data, 

1 1 . The instrument of claim 1 wherein the first means further comprises an excitation 
filter, the second means further comprises an emission filter, and the first means and the 
second means together comprise a beam splitter, the excitation filter being disposed 
between the light source and the beam splitter, the emission filter being disposed between 
the beam splitter and the detector, the excitation filter passing light having the excitation 
frequency and substantially blocking light having the emission frequency, and the emission 
filter passing light having the emission frequency and substantially blocking light having 
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the excitation frequency, the excitation filter and the beam splitter being cooperatively 
receptive of the source beam to effect the excitation beam, and the emission filter and the 
beam splitter being cooperatively receptive of the emission beam to pass the emission 
beam having the emission frequency to the detector, 

12. The instrument of claim 1 1 further comprising a housing containing the light source, 
the detector, the focusing means and a filter module, wherein the beam splitter, the 
excitation filter and the emission filter are affixed in the module and are associated with a 
selected primary dye for the suspension, and the module is removable from the housing for 
replacement with another module associated with another selected primary dye. 

13. The instrument of claim 1 wherein the light source comprises a halogen lamp and an 
ellipsoid reflector disposed proximate to the lamp oppositely from the first means, the 
lamp being disposed at a focal distance from the ellipsoid reflector to effect the source 
beam with light reflected from the ellipsoid reflector, and the ellipsoid reflector 
substantially reflecting visible light and transmitting infrared light. 

14. The instrument of claim 1 fiirther comprising a fluorescent reference emitter that 
emits reference light in response to the excitation beam, the reference emitter being 
disposed for the emission focusing means to focus at least a portion of the reference light 
as a reference beam onto the detector, the detector being further receptive of the reference 
beam to generate a reference signal, and the processing means comprises means receptive 
of the reference signal for computing reference data, and means for normalizing the 
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primary data with the reference data for a chosen point in the reaction replication of DNA, 
thereby correcting for instrument drift during the monitoring. 



15. The instrument of claim 14 wherein the reference member comprises a plurality of 
reference emitters each emitting a reference beam of different intensity in response to the 
excitation beam, the reference emitters being disposed for the emission focusing means to 
focus each reference beam onto the detector, the detector being further receptive of each 
reference beam to generate a set of reference signals for each reference emitter, and the 
processing means comprises means receptive of the reference signals for computing 
corresponding sets of reference data, means for selecting from the sets the selected 
reference data that has the highest signal data less than a predetermined maximum, the 
selected reference data being used for normalizing the primary data. 

16. The instrument of claim 15 wherein the reference member comprises a plastic 
fluorescent strip and a neutral density filter mounted on the fluorescent strip such that the 
reference beam and a portion of the excitation beam are attenuated by the neutral density 
filter, the neutral density filter having a series of densities to effect the plurality of 
reference emitters each emitting a reference beam. 

17. The instrument of claim 16 further comprising temperature means for maintaining the 
reference member at substantially constant temperature. 
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18. The instrument of claim 17 wherein the temperature means comprises a heating strip 
mounted under the fluorescent strip, and means for controllably heating the heating strip. 

19. The instrument of claim 1 further comprising a plurality of fluorescent reference 
emitters each emitting a reference beam of different intensity in response to the excitation 
beam, the reference emitters being disposed for the emission focusing means to focus each 
reference beam onto the detector, the detector being further receptive of each reference 
beam to generate a set of reference signals for each reference emitter, and the processing 
means comprises means receptive of the reference signals for computing corresponding 
sets of reference data, means for selecting from the sets the selected reference data that 
has the highest signal data less than a predetermined maximum, and means for normalizing 
the primary data with corresponding selected reference data for a chosen point in the 
reaction replication of DNA, thereby correcting for instrument drift; during the monitoring. 

20. The instrument of claim 1 wherein sets of data signals are generated sequentially in a 
replication sequence, the processing means or the detector or a combination thereof have a 
saturation limit for the data signals in each set, the detector is operatively connected to the 
processing means for the detector to integrate emission beam input over a preselected 
exposure time for generating each set of data signals, and the processing means comprises 
adjustment means for automatically effecting adjustments in exposure time to maintain the 
primary data within a predetermined operating range for maintaining corresponding data 
signals less than the saturation limit, and means for correcting the primary data in 
proportion to the adjustments in exposure time. 
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21. The instrument of claim 20 wherein the detector comprises an array of photoreceptors 
receptive of the emission beam for generating corresponding data signals in an associated 
exposure time, the predetermined operating range is for each photoreceptor, and the 
processing means further comprises means for computing photoreceptor data from the 
data signals for each photoreceptor, and the adjustment means comprises means for 
ascertaining highest photoreceptor data, means for determination of whether the highest 
photoreceptor data are less than, within or higher than the predetermined operating range, 
and means based on such determination for respectively increasing, retaining or reducing 
the exposure time so as to effect a subsequent exposure time for maintaining subsequent 
photoreceptor data within the predetermined operating range. 

22. The instrument of claim 1 further comprising a plurality of fluorescent reference 
emitters each emitting a reference beam of different intensity in response to the excitation 
beam, the reference emitters being disposed for the emission focusing means to focus each 
reference beam onto the detector, the detector being further receptive of each reference 
beam to generate a set of reference signals for each reference emitter, and the processing 
means comprises means receptive of the reference signals for computing corresponding 
sets of reference data, means for selecting from the sets the selected reference data that 
has the highest signal data less than a predetermined maximum, and means for normalizing 
the primary data with corresponding selected reference data for a chosen point in the 
reaction replication of DNA, thereby correcting for instrument drift during the monitoring. 
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23 . The instrument of claim 20 wherein the ingredients for at a vial further include a 
standard concentration of fluorescent passive dye that fluoresces substantially without 
influence from DNA, the source beam includes a secondary excitation frequency that 
causes the passive dye to fluoresce at a secondary emission frequency and thereby emit a 
secondary emission beam passed by the second means and focused onto the detector to 
generate corresponding secondary data signals, the processing means further comprises 
means receptive of the secondary data signals for computing secondary data, and means 
for dye normalizing the primary data, whereby the computed concentration of DNA is 
normalized to the standard concentration of passive dye. 

24. The instrument of claim 23 wherein the secondary excitation frequency is identical to 
the primary excitation frequency, the passive dye fluoresces such that the secondary beam 
is substantially at the emission frequency, the primary data signals are generated during an 
extension phase of cycling of the thermal cycler block when DNA is recombined and 
correspondingly primary dye emission is maximized, and the secondary data signals are 
generated during a denature phase of cycling of the thermal cycler block when DNA is 
denatured and correspondingly primary dye emission is minimized, whereby data signals 
for the extension phase are substantially representative of DNA concentration and data 
signals for the denature phase are substantially representative of the standard 
concentration of passive dye. 

25. The instrument of claim 1 wherein the ingredients for a vial fiirther include a standard 
concentration of fluorescent passive dye that fluoresces substantially without influence 
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from DNA, the source beam includes a secondary excitation frequency that causes the 
passive dye to fluoresce at a secondary emission frequency and thereby emit a secondary 
emission beam passed by the second means and focused onto the detector to generate 
corresponding secondary data signals, the processing means comprises means receptive of 
the secondary data signals for computing secondary data, and means for dye normalizing 
the primary data, whereby the computed concentration of DNA is normalized to the 
standard concentration of passive dye, 

26. The instrument of claim 25 wherein the secondary excitation frequency is identical to 
the primary excitation frequency, the passive dye fluoresces such that the secondary beam 
is substantially at the emission frequency, the primary data signals are generated during an 
extension phase of cycling of the thermal cycler block when DNA is recombined and 
correspondingly primary dye emission is maximized, and the secondary data signals are 
generated during a denature phase of cycling of the thermal cycler block when DNA is 
denatured and correspondingly primary dye emission is minimized, whereby data signals 
for the extension phase are substantially representative of DNA concentration and data 
signals for the denature phase are substantially representative of the standard 
concentration of passive dye. 

27. A system for replication of DNA and monitoring thereof, comprising a reaction 
apparatus for polymerase chain reaction replication of DNA, and an optical instrument for 
monitoring presence of DNA during such replication, wherein the apparatus comprises a 
thermal cycler block for holding at least one vial containing a suspension of ingredients for 
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the reaction, the ingredients including a fluorescent dye that fluoresces proportionately in 
presence of DNA, and further comprises means for thermal cycling the block and thereby 
the suspension so as to effect the polymerase chain reaction; wherein the instrument 
comprises: 

a light source for emitting a source beam having at least an excitation frequency that 
causes the dye to fluoresce at an emission frequency; 

first means disposed to be receptive of the source beam to effect an excitation beam 
having the excitation frequency and to pass the excitation beam to a focusing means, the 
focusing means being for focusing the excitation beam into each suspension such that the 
dye emits an emission beam having the emission frequency, and for passing the emission 
beam to a second means, the second means being for further passing the emission beam to 
a detector, the detector being disposed to be receptive of the emission beam from the 
second means so as to generate data signals representative of the emission beam and 
thereby concentration of DNA; and 

processing means receptive of the data signals for computing and displaying the 
concentration of DNA. 

28. The system of claim 27 wherein the first means and the second means together 
comprise a beam splitter receptive of the source beam to effect the excitation beam, and 
receptive of the emission beam to pass the emission beam to the detector. 
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29. A filter module for an optical instrument that monitors polymerase chain reaction 
replication of DNA in a reaction apparatus that includes a thermal cycler block for holding 
at least one vial containing a suspension of ingredients for the reaction, the ingredients 
including a fluorescent dye that fluoresces proportionately in presence of DNA, the 
instrument including a housing, a light source disposed in the housing for emitting a 
source beam having at least an excitation frequency that causes the dye to fluoresce at an 
emission frequency, focusing means disposed in the housing for focusing an excitation 
beam having the excitation frequency into each suspension such that the dye emits an 
emission beam having the emission frequency, a detector disposed in the housing to be 
receptive of the emission beam so as to generate data signals representative of the 
emission beam and thereby concentration of DNA, and processing means receptive of the 
data signals for computing and displaying the concentration of DNA; wherein the module 
comprises: 

a support frame, the instrument being receptive of the support frame into the instrument; 

a beam splitter affixed in the support frame so that, with the module inserted, the beam 
splitter is receptive of the source beam so as to effect the excitation beam, and receptive of 
the emission beam to pass the emission beam to the detector; 

an excitation filter that passes light having the excitation frequency and substantially 
blocks light having the emission frequency, the excitation filter being affixed in the support 
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frame so that, with the module inserted, the excitation fiher is disposed between the light 
source and the beam splitter; and 



an emission filter that passes light having the emission frequency and substantially blocks 
light having the excitation frequency, the emission filter being affixed in the support frame 
so that, with the module inserted, the emission filter is disposed between the detector and 
the beam splitter; 

the beam splitter, the excitation filter and the emission filter, and thereby the module, 
being associated with a selected dye for the suspension, and the module being removable 
from the housing for replacement with another module associated with another selected 
dye. 

30. The module of claim 29 wherein the beam splitter reflects light having an excitation 
fi-equency, and passes light having the emission frequency. 
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application number (consisting of the sehes code and the serial numfcec e,g.,Cd/1 23,456), or 
sehai number and filing date. Absent any 5tatement(s) to the contrary, it will 5« presumed that 
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SUPPLEMENTAL DECLARATION (37 C,F,R, § 1.67(b)) 



(complete the following where z suppiementaJ declaration is being submitted) 

□ I her&by declare that the subject matter of the 

□ attached amendment 

□ amendment filed on 

was part of my/our invention and was invented before the filing date of the original 
application, above-identified, for such invention. 

ACKNOWLEDCEMENT OF REVIEW OF PAPERS AND DUTY OF CANDOR 

1 hereby state that I have reviewed and understand the contents of the above-identified 
specification, inciuding the claims, as amended by any amendment referred to above. 

1 acknowledge the duty to disclose information, which is material to patentability as 
defined in 37, Code of Federal Regulations, § 1.56, 

(also check the following ItemSr if desired) 

B] and which is miatehai to the examination of this application, namely, information 
where there is a substantial likelihood that a reasonable Examiner would consider 
it important in deciding whether to allow the application to issue as a patent, 
and 

□ in compliance with this duty, there is attached an infomnation disclosure 
statement, in accordance with 37 CFR 1.98. 

PRIORITY CLAIM (35 U.S.C. §§ 119(aHd)) 

NOTE: The d^Im to pa'ority need be m no spedaJ form and may be made by the attorney or agent if the foreign 
application is referred to in the oath or declamtian as required by § 1.63. The daim for priority ar,d 
the certified copy of the foreign application specified in 35 U,S,C. 119(b) must be filed in the case of 
an interferance (§ 1.630), when necessary to overcome the date of a reference relied upon by the 
examiner, when specifically required by the examiner, and in ait other situations, before the patent is 
granted. If the claim for priority or the certified copy of the foreign application is filed after the date 
the issue fee is paid, it must be accompanied by a petition requesting envy and by the fee sef forth 
in § 1,17(1), If the certified copy is not in the Engiish language, a tr^siation need not be filed except 
in the case of interference; or when necessary to overcome the date of a reference relied upon by the 
examiner, or when specificaily required by the examiner, in which event an Engiish language translaticn 
must be filed together with a statement that the translaticn of the certified copy is accurate.' 37 C.F.R 
§ 1,55(a). 

1 hereby claim foreign priority benefits under Title 35, United States Code, §§ 119(aHd) 
of any foreign application(s) for patent or inventor*s certificate or of any PCT international 
application(s) designating at least one country other than the United States of America listed 
below and have also identified below any foreign app{ication(s) for patent or inventor's 
certificate or any PCT intemationai applicatiQn{s) designating at least one country other than 
the United States of America filed by me on the same subject matter having a filing date 
before that of the appncation(s) of which priority is claimed, 

(complete (d) or (e)) 

(d) □ no such applications have been filed. 

(e) (2! such applications have been filed as follows. 

NO TE: Where item (cj is, en tered above and the Interna tional Appiica tion which designated the U. S. itzelf claimed 
pnohty ched< item (ej, enter the details below and maAe the priority ciaim. 
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CLAIM FOR BENEFIT OF PRIOR U,S, PROVlSaONAL APPtJCATlON(S) 

(34 U.S.C, § 119(e)) 

i hereby ciaim the benefit under Title 35, United States Code. § 119(e) of any United 
States provisional applicaticn(s) listed below: 



PROVISIONAL APPLICATION NUMBER 



60 



60 



I 085>765 
^ 092,784 

/ 



nUNG DATE 

16 May 1998 



14 July 1998 



CLAIM FOR BENEFIT OF EARLIER US/PCT APPLICATION(S) 

UNDER 35 U,SX, 1 20 

□ Tne ciaim for the benefit of any such applications are set forth in the 
attached ADDED PAGES TO COMBiNED DECLARATION AND POWER OF 
ATTORNEY FOR DIVISIONAL, CONTINUATION OR CONTINUATION- IN 
PART (C-l-P) APPLICATION. 
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ALL FOREIGN APPLICATION(S), IF ANY, FILED MORE THAN 12 MONTHS 
{6 MONTHS FOR DESIGN) PRIOR TO THIS U,S, APPLICATION 

PCT/U599/11088 filed 17 May 1999 

US Provisional Application No, 60/085,755 filed 16 May 1998 
US Provisional Application No. 60/092,784 filed 14 July 1998 



NOTc: if th& application filed mora tti^ 12 months from tfie filing data of this appitcaticn is a PCX fiiing fonrting 
the bas/s for mis app^icav'cn entering the United States as (1) the nationai stage, or (2) a ocntinuation, 
Oivistonai, or oontinuaton-fn-part, then also complete AODBD PAGES TO COMBINED OECIAMTION 
AND POWER OP ATTORNe/ POP DfVJSlONAU CO/mNUAVON OR C-l-P APFUCAVON for benefit 
of the prior US. or POT appHcation(s) under 35 U.S.C. § 120. 

POWER OF ATTORNEY 

I hereby appoint the following practitioner{s) to prosecute this appiication and transact 
ail business in the Patent and Trademark Office connected therewith, 

(lizt name and registration number) 

Clarence A, Green (24,622) David Aker J29£77) 

Mark F. Harrington ^ "T3T7686)~""^ 
Janik Marcovici ^^J^g41) 

(check the following item, if applicable) 

□ I hereby appoint the practitioner(s) associated wfth the Customer Number pro- 
vided beiow to prosecute this appiication and to transact aii business in the 
Patent and Trademark Office connected therewith. 

□ Attached, as part of this declaration and power of attorney, is the authorization 
of the above-named practitioner(s) to accept and follow instnjctions from my 
representative(s). 



DIRECT TELEPHONE CALLS TO: 
(Name and talephone number) 

if 

Clarence A. Green 
{'d\}3) 259-1800 




SEND CORRESPONDENCE TO 

Address 

Clarence A. Gree n 
PERMAN & GREEN, LLP 
liis^PostlRoad 
7aTrfieTdrrr06430 

□ Customer Number ^^^^ 
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DECLARATION 



I hereby deciare that all statements made herein of my own knowledge are true and that 
ail statements made cn infonmaticn and beiief are believed to be true; and furher that these 
statements were made with the knowledge that willful false statem.ents and the like sc made 
are punishable by fine or impnscnrnent, cr both, under Section 1 GC1 of Title 1 3 of th.e United 
States Code, and that such willful false statements m.ay jeopardize the vaIidi^/ of the 
appiicaticn cr any patent issued therecn. 

SIGNATURE{S) 

NOTc: Carefully inc^icats :ne family (or /asrj nane, as it ^nculd acpear cn the filing recaipt and all other 
dcc'jmentz. 

Full name of sole or first inventor 
Anthony L. - '^.^^lltL^^^^ ^ 

"~ T<^NE,H HXfif^r^ fM?C0lF^ FAMILY iOR LAST HAME) 

Inventor's signature , _ 

USA 

7""lrr " 



Date Country of Citizenship . 

Residence 51 Kneel and Road, New Haven, Connecticut USA v 
Post Office Address 51 Kneel and Road> New Haven, Connecticut USA 



Full name of second joint inventor, if any 

Edward J_, 

(Qi^SN NAME) 

Inventor's signature . 

Data _jbZZi:2£^_ 



AKATH.S 



(MIDOLS INmAL Off HAME) 




Country of Citizenship 



USA 



Residence __56 Ridgedale Road, BetheU Connecticut 06801 USA 

Post Office Address 56 Ridggdale R<?aj, BettieT i Connecticut. 0^801 



Fufl name of third joint inventor, ff any 

^ll£jlj[gL g- Gamblni 

(OivsN f4AMS) (Micots tsmAL of^ SAMS} fAMnsnuwi::;E^7aMEi 

Inventor's signature \ 

Date Country of Crtizenship . 

Residence 181 Josiesing Road, Monroe, Connecticut 06468 USA / 

Post Office Address 181 Josiesing Road, Monroe, Connecticut 06468 USA 



P^Ioj-aticn and Rawer of Artcrrey [1-1}— paga 6 cf 7] 



ADDED PAGE TO COMBINZD DECLARATION AND POWER OF 
ATTORNEY FOR SIGNATURE BY FOURTH AND SUBSEQUENT INVENTORS 



Fuii name of fourth joint Inventor, ff any 

F_. YOUNG 

G^VHN NAMH • MI00L5 INfTTAL OR .NAME FAMILY (OR LAST NAW^ 

Inventor's signature 

Date Country of Citizenship 

Residence . S02 Salboa Lane, Foster Cfty, California 94404 USA 

Post Office Address 802 Salboa Lane, Foster City, Caltfornta- 94404 USA 



Full name of frfth joint inventor, rf any 



GIVEN NAME ^ MiD0.^=JJiCD4J. OB nUm^E ^ I FAWIU (OR LAST NAME) 



Inventor's signature rru — — > 



Residence 31 Bittersweet Lane, Charlotte, Verrnont 05445 USA 

-Ppst Office Address 31 gittersweet Lane. Charlotte, Vermont 05445 USA 

*** Co-Executr1x for the Estate of John G, Atw ood - deceased -last residing at 

X 149 Limekiln RoadL^„Re.djJliigL, Connecticut 06896 

Country of Citizenship of-^gto^^ 

J Full name of ^^^thj^jnt inventor, if any 

J^fth ^ K. Atwnnd 

GiVEN NAME M)OOU£ INmAl OR KA^E FAMa.Y (OR LAST ^UM£) 



Inventor's signature ' " ^ - ■ ' - 

02te ^ " ■ Country of Citizenship ^JSA 



Residence 149 L1mp k1ln Road, Redding, Connprt-frnt 06696, 



Post Office Address 149 LlmeHln Road, Reddlno. Cnnnprtimt 06896 

'f^'^* Co-Executrix for the Estate of John G. Atwood - deceased --iast residing at 
149 Limekiln Road, Redding, Connecticut 06896 

Country of Citizenship of John G. Atwood USA - 



(Added Page to Combined OeclMtion and Power of Anamey for Signature by Fourth and Subsequent 

Inventors [1-2]} 



(check proper bQx(es) for any of the following added p3ge(s) 
that form a part of this declaration) 

{3 Signature for fourth and subsequent joint inventors* Number of pages added 



□ Signature by administrator(trix). executor(trix) or legal representative for de- 
ceased or incapacitated inventor. Number of pages added 



□ Signature for inventor who refuses to sign or cannot be reached by person 
authorized under 37 CFR 1.47. Number of pages added 



□ Added page for signature by one joint inventor on behalf of deceased inventor(s) 
where legal representative cannot be appointed in time. (37 CFR 1,47} 

» * * 

□ Added pages to combined deciaration and power of attorney for divisiona!, 
continuation, or continuation-in-part (C-I-P) application. 

□ Number of pages added 



□ Authorization of practitioner(s) to accept and follow instructions from representa- 
tive. 



(if no further pages form 
then end this Declaration with this 

a 



a part of this Declaration, 

page and check the following item) 

This declaration ends with this page. 



{Declaration and Power of Attorney page 7 7) 



Practition^H. Docket No, 715-Q09111-US( PCT) 



PATENT 



COMBINED DECLAR.\TION AND POWER OF ATTORNEY 

(ORIGiNAU DESIGN, NATIONAL STAGE OF PCT, SUPPLEMENTAL, DIVISIONAL. 

- CONTINUATION. OR C-NP) 

As a below named inventor. I hereby declare that: 

TYPE OF DECLARATION 

Tnis deciaraticn is of the foiiowing type: 

(check one applicable item below) 

□ original, 

□ design- 

□ supplemental. 

NOTE: tf the d&darstion is for an IntematianaJ Appiication being filed as a divisionaJ, continuation or 
cononuafircn-fn-part app/jcafton, do net check next item: check appropriate one of last ttiree items. - 

2? national stage of PCT, 

NOTE: If one of ttie foiiowing 3 items appiy. sfier complete ard also arac*? ADDED PAGES FOR DMStONAL, 
CQ/mNUATiCN OR C-l-P. 

NOTE: See 37 C.F.R, § 1 .SSfcJ (continued prosecLnicn appHca^cn) for use of a prior nonprovisionaJ application 
deciaraticn in the continuation or divisional application being filed on behalf of the same or fewer of 
the inventors named in the prior application, 

□ divisional, 

□ continuation, 

NOTE: Where an applicadon discloses and claims subject matter not disclosed in the prior application, or a 
' continuation or divisional application names an inventor not named in the prior application, a 
cormnuatson-in-part application must be filed under Z7 C.F.R. § 1.S3(b) (applicaticn filing requirements 
— nonprovisionai application), 

□ continuation-in-part (C-l-P). 

INVENTORSHIP IDENTIFICATION 

WARNING: If the inventors are each not the inventors of all the ciaims, an explanation of the faas, including 
the ownership of alt the claims at the time the last claimed invention was made, should t>e ^bmitted. 

My residence, post office address and citizenship are as stated below, next to my name. 
I believe that 1 am the original, first and sole inventor fff only one name is listed beiow) or 
an original, first and joint inventor (if plural names are listed below) of the subject matter 
that is claimed, and for which a patent is sought on the invention entitled: 

TITLE OF INVENTION 

INSTRUMENT FOR MONITORING POLYMERASE CHAIN REACTION OF DNA 



(Declaration and Power of Attorney — pag« ^ of 1) 



SPECIFICATION IDENTIFICATION 

the specification of which; 

(complete (a), (b), or (c)) 

(a) □ is attached hereto, 

NOTE: 'Tne fdfawing comtinatians af infcnr^atian supplied in an oath or dedsnticn filed on me apciiaticn 
filing date wrttt a spedficaticn am acceptabh as minimum^ fcri(^entjf'/ing a sped^C3ticn and camplianca 
with any one of the items behw wiil be accepted as ccmpiying with the identifjcaticn requimm^t of 
37 CP? tS3: 

V) narr.Q of inven:cr(s}, and reference to an attached spedficaticn which is tcth attached 
to the oath or deciaraticn at the time of execution and su&mttted witts the catfT or dec'araticn 
cn filing; 

'(2) name of Inventcr(sl and attorney docket numt-er which was cn the spedfic^tion as tiled: 

or 

"C^j name of inventcr(s}, and title which was cn tt.e sp^Hcaticn as Hied. ' 
Notice of July 13, 7SS5 (7 777 O.G. 

(b) □ was filed on , as □ Serial No. 0 / 

■ or □ 

and was amended on (if applicable). 

NOTE: Amendments filed after the cfiginal papers are deposited with the PTO that contain new matter are 
not accented a friing date by tieing referred to in the declaration. Accordingly, the amendments involved 
are thcze filed with the application papers or, in the esse of a supplemental declaration, are those 
amendments claiming manar not encompassed in me original statement of invention or claims. See 
37 OPB 1.67, 

NOTE: 'The following ccmbinat'ons of information supplied In an cath or declaration filed after the fiiirtg date 
are acceptable as minimums for identifying a spedftcaticn and compliance with any one of the items 
below will be accepted as ccmpiying with the idendff cation nsquirem.ent of 37 CFR 7.53: 

'(1) name of inventcr(s), and appiicaticn number (consi^sting of the sen'es code and the serial 
number e.g.,oa/1 23,4^6): 

'(2) name of inventcr(s), serial number and filing date; 

'(3) name of inventoeis) and attomey docket number which was on the specsfJcatian as filed; 

*(4) nsme of inventor^sl tft/e which was an the specification as filed and filing date; 

'(5) name of inventor(s), title which was on the specification as filed and reference to an 
attached spedficaticn which is both attached to the oath or deciaraticn at the time of execution 
and submitted with the oath or dedaradon; or 

'(6) name of inventcrfs), title which was on the specification as filed and accompanied by 
a caver letter accurately identifying the application for which it was intended by either the 
appiicaticn number (consisting of the series code and the serial number; e.g.,C3/1 23,456), or 
sehaJ numper and fiUng date. Absent any statement(s) to the contrary, it will be presumed that 
the application filed in the PTO is the application which the inventor(s) executed by ^gning 
the oath or declaration, " 

Notice of July T3, 1995 (1177 0,G. 60). 

(c) C2 was described and claimed in PCT international Application No. 

PCT/US99/11Q88 ^j^^ 11 May 1999 

amended under PCT Article 19 on (if any). 
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SUPPLEMENTAL DECLARATION (37 C.F.R. § 1,67{b)} 



(complete the following where a supplemental declaration is being submitted) 

□ I hereby declare that the subject matter of the 

□ attached amendment 

□ amendment filed on 

was part of my/our invention and was invented before the filing date of the original 
application, above-identified, for such invention. 

ACKNOWLEDGEMENT OF REVIEW OF PAPERS AND DUTY OF CANDOR 

I hereby state that I have reviewed and understand the contents of the above-identified 
specification, including the claims, as amended by any amendment rafen-ed to above. 

I acknowledge the duty to disclose information, which is materiaf to patentability as 
defined in 37, Code of Federal Regulations, § 1.55, 

(also check the following items, if desired) 

E and which is material to the examination of this application, nameiy, information 
where there is a substantial likelihood that a reasonable Examiner would consider 
it important in deciding whether to allow the application to issue as a patent, 
and 

□ in compliance with this duty, there is attached an information disclosure 
statement, in accordance with 37 CFR 1.98. 

PRIORITY CLAIM (35 U.S.C. §§ 119{aHd)) 

A/0 7c; "The dwm to priorfty need be in no spedai form and may be made by the afromey or agent if the foreign 
appiicaticn is referred to in the oath or declaration as required by § 1.63. The claim far priority and 
the certified copy of the foreign appiicatian specified in 35 U.S.C. 119(b} must be filed in the case of 
an interference (§ 1.630), when necessary to overcome the date of a reference reded upon by the 
examiner, when spedficalfy required by the examiner, and in all other situations, before the patent is 
granted, if the ciaim for priority or the certified copy of the foreign application is filed after the date 
the issue fee is paid, it must be accompanied by a petition requesting entry and by the fee set forth 
in § 1.17(i), tf the certified copy is not in the Engiish language, a translation need not i>e filed except 
in the case of interference; or when necessary to overconne the date of a reference relied upon by the 
examiner; or when spedficaiiy required by the examiner, in which event an English language translation 
must be fried together with a statement that the translation of the certified copy is accurate." 37 C.f 
§ 1.55(a). 

1 hereby claim foreign priority benefits under Title 35, United States Code, §§ 119(aH^fl 
of any foreign appncation(s) for patent or inventor's certificate or of any PCT international 
application{s) designating at least one country other than the United States of America listed 
below and have also identified below any foreign application(s) for patent or inventor's 
certificate or any PCT international application(s) designating at least one country other than 
the United States of America filed by me on the same subject matter having a filing date 
before that of the appiication(s) of which priority is claimed. 

(complete (d) or (e)) 

(d) □ no such applications have been filed. 

(e) CS such applications have been filed as follows. 

NOTc: Where item (c) is entered above and ^^e intematicnaf Appiic3tjon which Oesigna ted the US. itself claimed 
prionr/ cneck item (e), enter the details t^eiow and make the prionty claim. 
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PBIOR FOREIGN/PCT APPUCATION(S) FILED WITHIM 12 MONTHS 
{6 MONTHS FOR DESIGN} PflJOR TO THIS APPLICATION " 
AND ANY PRIORITY CLAIMS UNDER 35 U.S.C. § 119<aH<<) 



COUNTRY (OR 
INDICATE IF 
PCJ) 


APPLICATION NI JMRPP 


DATF OP F1U^4G 
(day, month, yearj 


UNDER 37 use 119 








□ YES NO □ 








□ YES NO □ 








□ YES NO G 








□ YES NO □ 








□ YES NO □ 



CLAIM FOR BENEFIT OF PRIOR U.S. PROVlSaONAL APPUCAT]ON(S) 

(34 U.S.C, § 119(e)) 

i hereby ciaim the benefit under Tttle 35, United States Code, § 119(e) of any United 
States provisional appncaticn(s) listed below: 



PROVISIONAL APPUCATION NUMBER 

60 / 085,765 

60 , 092,784 



CLAIM FOR BENEFIT OF EARLIER US/PCT APPLICATION(S) 

UNDER 35 U.S.C. 120 

□ Tne claim for the benefit of any such applications are set forth in the 
attached ADDED PAGES TO COMBINED DECLARATION AND POWER OF 
ATTORNEY FOR DIVISIONAL, CONTINUATION OR CONTINUATION-IN 
PART (C-l-P) APPLICATION. 



FlUNG DATE 

16 May 1998 
14 July 1998 
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ALL FOREIGN APPL]CAT10N(S}, If ANY, FILED MORE THAN 12 MONTHS 
(6 MONTHS FOR DESIGN} PRIOR TO THIS U-S. APPLICATION 

PCT/US99/11088 filed 17 May 1999 

US Provisional Application No. 60/085,765 filed 15 May 1998 
US Provisional Application No. 6Q/092,7R4 filed 14 July 1998 



NOTc: If the 3pplic3t3on filed moro than 12 months from the filing date of this sppiicsHon Is a PCT filing forming 
the bas/s for this app^icaticn entering the United States as fTj tfre national stage, or (2) a continuation, 
divisional, or continuadcn-in-pan, then a/so campiete ACOEQ PAOBS TO COMBiNBO DBCLARAVCN 
AND POWEJ=i OF ATTQRNer POP DMSIONAL, CQNTINUAVON OR C-l-P APPUCAVON for benefit 
of the prior US. or PCT applfcatian(s) under 35 US.C. § 120. 

POWER OF ATTORNEY 

! hereby appoint the fcdowtng practitioner(s) to prosecute this appiication and transact 
all business in the Patent and Trademark Office connected therewith. 

(list name and registration number) 

Clarence A. Green 
Mark F. Harrington 
Janik Marcovici 



□ I hereby appoint the practitioner(s) associated with the Customer Number pro- 
vided below to prosecute this application and to transact all business in the 
Patent and Trademark Office connected therewith. 

□ Attached, as part of this declaration and power of attorney, is the authorization 
of the above-named practitioner(s) to accept and follow instnjctlons from my 
representative(s). 



DIRECT TELEPHONE CALLS TO: 
(Name and talephone number) 

Clarence A. Green 
(^U3) 259-1800 



(24,622) J^a^^^ ^^^^ (29,277) 

(31,586) 
(42,841) 

(check the following item, if applicable) 



SEND CORRESPONDENCE TO 

Address 

Clarence A, Green 
PERMAN & GREEN, LLP 
425 Post Road 
Fairfield, CT 06430 

□ Customer Number 
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DECLARATION 



I hereby declare that all statements made herein of my own kncwiedga are true and ti^at 
ail statements made on information and belief are teiieved tc be true; ar*d further that these 
statements were made with the knowledge that willful false statements and th.e like so made 
are punishable by fine or impriscnment. cr both, under Section 1GG1 of Title 18 of the United 
States Code, and that such wiiiful false statements may jeopardize the vaitdi^/ of Lhe 
application or any patent issued therecn. 

S1CNATURE{S) 

NOTc: Cjirsf-jiiy InCicata the famly (or Us:} name, as it ^-^aald accear an the fiiing r&csipt and ait other 

Full name of sole or first inventor 
Anthony L. CERRONE 

(Or^BS NAM£l (hiiCQLZ fNCTAL Off .^.WS; FAMILY (OR LXST HAMej 

Inventor^s signature 

Date : Country of Citizenship — 

Residence 51 Kneel and Road, New Haven, Connecticut USA 

Post Office Address 51 Kneel and Road, New Haven, Connecticut USA 



Fui! name of second joint inventor, tf any 

Edward J. i /IKAT0<; 



(GNS^ NAM£) (MfDCLS ISmAL Off SJME) FAMfLY (OFl LAST SAME} 

Inventor's signature — ■ 

Date Country of Citizenship — 

Residence 56 R1dgeda1e Road, Bethel, Connecticut 06801 USA . 

Post Office Address 56 Ridaedale Road. SetheK Connecticut 06801 USA 



Full name oi ^Ird joint inventor, if any 

Michael P. Gambini 

(CiVEN SAME) (MtCOLE WfTUi. Off NAME) FAMILY (0» L*^ SAME} 

Inventor's signature '. ; . 

Data Country of Crtizenship , .^^f 

Residence 181 Joslesing Road, Monroe, Connecticut Q6468 USA 

Post Office Address 181 Josiesing Road, Monroe, Connecticut 06468 USA ^ 



(D^Iansticn and Po-wgr of Ancrrey [1-11 — P^^^s 5 rj 



^ ' (chQck proper bcx(es) {or any of the foUowing added page(s) 

that form a part of this dedaratlon) 

B Signature for fourth and subsequent joint inventors. Number of pages added 



□ Signature by adrninistrator(tnx), executor(trix) or legal representative for de- 
ceased Of incapacitated inventor. Number of pages added 



□ Signature for inventor who refuses to sign or cannot be reached by person 
authorized under 37 CFR 1.47. Number of pages added 



□ Added page for signature by one joint inventor on behalf of deceased inventor(s) 
where legai representative cannot be appointed in time. (37 CFR 1 AT) 



□ Added pages to combined declaration and power of attorney for divisional, 
continuation, or continuation-in-part (C-l-P) application. 
_ □ Number of pages added 



□ Authorization of practitioner(s) to accept and follow instructions from representa- 
tive. 



^f no further pages form 
then end this Declaration with this 

□ 



a part of this Declaration, 

page and check the following item) 

This declaration ends with this page. 
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Practitioner's Docket No, 7i^,nnqin,iKKPCT) 



ADDED PAGE TO COMBINED DECLARATION AND POWER OF 
ATTORNEY FOR SIGNATURE BY FOURTH AND SUBSEQUENT INVENTORS; 

Full name of fourth joint inventor, if any 

Eugene F^^ YOUNG 



GIVEN NAME jr. MIDDLE iNrTlAL OR NAWE FAMILY (Ofl WST ^iAME) 

Inventor's sianatur^. 

Date . . Countrv or Citizensiiip 



Residence 802 Balboa Lane, Foster City, California 94404 USA 

Post Office Address 802 Balboa Lane, Foster City, California 94404 USA 



Full name of fiftli joint inventor, if any 

Susan Atwood STONE *** 



GIVEN NAME MIDDLE iNmAL OR NAME FAMILY {OR LAST NAME) 

Inventor's signature . 

Date « Country of Citizenship ^ 

Residence 31 Bittersweet Lane, Charlotte, Vermont 05445 USA 

Post Office Address 31 Bittersweet Lane, Charlotte, Vermont 05445 USA 

*** ExertJtrix far th e Estate of John G. Atwood - deceased 

Full name of sixth joint inventor, if any 



GIVEN NAME MIDDLE INfftAL OR NAME FAMILY (OR LAST NAME) 

Inventor's signature 

Date Country of Citizenship 

Residence 



Post Office Address 



{Added Page to Combined Declaration and Power of Attorney for Signature by Fourth and Subsequent 

inventors [1-2]) 



Pmctitioner's Docket Ho, 715-Q091I1-US( PCT) 



PATENT 



COMBINED DECLARATION AND PO^ER OF ATTORNEY 

(ORIGINAL, DESIGN, NATIONAL STAGE OF PCT, SUPPLEMENTAL, DIVISIONAL. 

CONTINUATION. OR C-hP) 

As a beiow named inventor, I hereby deciare that 

TYPE OF DECLARATION 

Tnis declaration is of the foilowing type: 

(check one appiicahle item below) 

□ original. 

□ design. 

□ supplemental. 

NOTE: if the dedsr^ttan Is far an Intematicnai Applicatian baing filed as a divisional, CQrttinuation or 
conanuaticrt'ln-pa/t applicanon, da nof clecJf next item: c*:eck apptvpa'atQ one of las: Eftree items. • 

2? rational stage of PCT. 

NOTE: if one of ttie fcilowing 3 items apply, then complete and a/sa attach ADOEO PAGES FOR DMSJONAl, 
CONTINUATiON OR O-hP, 

NOTE: S«e 37 0,F,R, § 1.S3(d} (continued prosacuticn appiicaticn) for use of a prior nonprovisionaJ applfcailcn 
dedaraticn in the continuation or divisional application being filed on behaif of the same or fewer of 
the inventors named In the prior application. 

□ divisional. 

□ continuation, 

NOTE: Wh9fe an applicaticrt discioses and ciaims subject matter not disclosed in ttie prior applicstjon, or a 
' continuation or divisionai application names an inventor not named in the prior application, a 
contsnuatjon-in-paft application must be filed under 37 CF.R. § 1.53(b) (applicaticn filing nsquirem^snts 
— nonpmvisianaJ application}. 

□ continuation-in-part (C-i-P). 

INVENTORSHIP IDENTIFICATION 

WAPNING: if the Inventors ana each not the /nvenfcrs of ail the claims, an explanation of the j^cs. indudlng 
the ownership of ail claims at tfre £frn« ifM last ciaim^ invention was made, should b« submitted. 

My residence, post office address and citizenship are as stated below, next to my name, 
i beiieve that ! am the onginai, first and sole inventor (If only one name is fisted below) or 
an original, flr^t and joint inventor (if plural names are listed below) of the subject matter 
that is claimed, and for which a patent is sought on the invention, entitled: 

TITLE OF INVENTION 

INSTRUMENT FOR MONITORING POLYMERASE CHAIN REACTION OF DNA 
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SPECIFICATION IDENTIFICATION 



the specification of which: 

(complete (a), (b), or (c)) 

(a) □ is attached hereto. 

NOTE: "The fc/fcw/ng cambinatians of infcnrtsticn supplied in an oath or dodarzticfi fii&d on the acplicaticn 
filing tfafe wittt a spedficaticn am acceptabh as minimums for idenafying a spedficaticn and ccmpiiancs 
with any one of the items below will be accepted as complying with the identifiaiticn requirem^t cr 
37 Of? 7.53; 

7?j nam,e of inventorize, and ref^r^nc^ to an ac:ached 5peC'/fC3fi'cn which is tcth attschad 
to the oath or dedaraticn at the time of axecuticn and submitted with th^ oath or d&darsticn 
on filing; 

"(2) name of inventcr(sl and attorney docket number which was on the spedf:c3t:on as filed: 

or 

'(2) n^rne of inuentcris), and title which was an the specificatjan as filed.' 
Notice of July 73, 7535 (1177 O.G, 60), 

(b) □ was fiied on . . , as □ Serial No. 0 / 

cr □ 

and was amended on (7/ applicable). 

NO 7c: Amendments fried after the chginal papers are depcsJted with the PTO that ccntain new matter ar9 
not accorded a filing dace by being referred to in the decfanation. Acocrdingiy, the amendments involved 
are those filed with the appiiaation papers or, in the C3se of a supplemental declaration, are those 
amendments claiming matter not encompassed in tf^a ohginaJ statement of invention or claims. See 
37 CFf? 1.67. 

NQTc: "The fcilowing combinations of information supplied in an oath or declaration filed after the filing ^ate 
are acceptacle as minimums for identifying a spedfic^dcn and compliance with any one of the items 
below will b^ accepted as complying with the identificaticn requirement of 37 CFR 1,63: 

'(1) name of inventcr(s}, and application number (consisting of the series cade and the serial 
number, e.g„03/1 23,^6): 

'(2) name of inventcrfs), serial number and filing date; 

*f3) nsme of inventor(s} and attorney docket number which was on the specification as filed: 

"(4) nam.e of inventcrfs). title which was on the sp^fication as filed and filing date; 

"(5) name of inventoris), title which was on the specification as filed and reference to an 
attached specification which is bath attached to the oath or dedaradcn at the time of execution 
and submitted with the 03th or deciaration; or 

"(6) name of inventcr(s), title which was on the specification as Hied and accompanied by 
a cover fener accurately identifying the application for which it was intended by either the 
application number (consisting of the series coda and the serial number, e.g.X8/1 23,4^61 cr 
serial number and filing date. Absent any statem.ent(s) to the contrary, it will be presumed that 
the application filed in the PTO is the application which the inventQr(s) executed by signing 
the oath or dedar^ticn, * 

Notice of July 13, 1995 (1177 O.G. 6Q). 

{c) CS was described and claimed in PCX international Application No. 

PCT/US99/11088 ^jed on May 1999 33 

amended under PCT Article 19 on (if any). 
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SUPPLEMENTAL DECLARATION (37 C.F.R. § 1.67(b)) 



(complete the following where a supplemental declaration is being submitted) 

□ I hereby declare that the subject matter of the 

□ attached amendment 

□ amendment filed on 

was part of my/our invention and was invented before the filing date of the original 
application, above-identified, for such invention. 

ACKNCWLEZ>OEMENT OF REVIEW OF PAPERS AND DUTY OF CANDOR 

I hereby state that I have reviewed and understand the contents of the above-identified 
specification, including the claims, as amended by any amendment refenred to above. 

i acknowledge the duty to disclose information, which is materiai to patentability as 
defined in 37, Code of Federal Regulations. § 1,55, 

(aJsQ check the following items, if desired) 

E and which is materia] to the examination of this application, namely, information 
where there is a substantial likelihood that a reasonable Examiner would consider 
it important in deciding whether to aitow the application to issue as a patent, 
and 

□ in compliance with this duty, there is attached an infomnaticn disclosure 
statement, in accordance with 37 Cffi 1.98. 

PRIORITY CLAIM (35 U.S.C. §§ 119(aHd)) 

NOTE: The d^'m to priority need be In no special form and may be made by the attorney or agent if the foreign 
application is, referred to in the oath or dedaration as required by § 1.63, The daim for priority and 
the aerified copy of the foreign appi/catian spedfied in 35 U.S.C. 119(b} must be filed in the esse of 
an tnterference (§ 1,630), when necessary to overcome the date of a reference relied upon by the 
examiner, when specifically required by the examiner, and in ail other situations, before the patent is 
granted. If the daim for prianty or the certified copy of the foreign application is filed after the date 
the issue fee is paid, it must be accompanied by a petition requesting entry and by the fee set forth 
in § 1,17(t). If the certified copy is not in the English language, a trznslaticn need not be filed except 
in the case of interference; or when rTecessary to overvcnrte the data of a reference relied upon by the 
examiner; or when spedficaily required by the examiner, in which event an English language transiadon 
must be filed together with a statement that the translation of the certified copy is accurate. * 37 C.f.R. 
§ 1-55(a}. 

I hereby claim foreign priority benefits under Title 35, United States Code. §§ 119{aHd) 
of any foreign appiication(s) for patent or inventor's certificate or of any PCT international 
appiicatiQn(s) designating at least one country other than the United States of America listed 
below and have also identified below any foreign app[ication(s) for patent or inventor's 
certificate or any PCT international appiication(s) designating at least one country other than 
the United States of America filed by me on the same subject matter having a filing date 
before that of the appiication(s) of which priority is ciaimed. 

(complete (d) or (e)) 

(d) □ no such applications have been filed. 

(e) (3 such applications have been filed as follows. 

NOTE: Where item (c) is entered atove and the International Application which designated the U.S. itself ciaimed 
priority ched< item (e), enter the details tieiow and make the priority daim. 
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PRIOR FOREIGNyPCT APPUCATION(S) FILED WITHIN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS APPLJCAT10N ' 
AND ANY PRIORITY CU^JMS UNDER 35 U.S-C, § 113<aH<l) 



COUNTRY (OR 
INDiCATH !F 
PCT) 


appucahcn numbh?? 


DATE OF FlUNG 
(day, mocrth, yearj 


PRIORITY CUVIMED 
UNDEH 37 use 119 








□ YES NO □ 








□ YES NO □ 








□ YHS NO G 








□ YE3 NO □ 








□ YES NO □ 



CLAIM FOR BENEFIT OF PRIOR U.S, PROVISIONAL APPLlCATlON(S} 

(34 U.S.C. § 119(e)} 

! hereby ciajm the benefit under Title 35, United States Code, § 119(e) of any United 
States provisional app[icaticn(s) listed below: 



PROVISIONAL APPLICATION NUMBER 

60 ; 085,765 

60 , 092,784 



/. 



CLAIM FOR BENEFIT OF EARLIER US/PCT APPLICATION{S) 

UNDER 35 U,S,C. 120 

□ Tne ciaim for the benefit of any such applications are set forth in th.e 
attached ADDED PAGES TO COMBINED DECLAFIATION AND POWEF^ Of 
ATTORNEY FOR DIVISIONAL, CONTINUATION OR CONTINUATION -!N 
PART (C-(-P) APPLICATION. 



FIUNG DATE 

16 May 1998 
14 July 1998 
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ALL FOREIGN APPLICATION(S}, IF ANY, FILED MORE THAN 12 MONTHS 
(6 MONTHS FOR DESIGN] PRIOR TO THIS U,S, APPLICATION 

PCT/US99/11088 filed 17 May 1999 



US Provisional Application No, 60/085,765 filed 16 May 1998 
US Provisional Application No. 60/092, 7H4 filed 14 July 1998 



NOTc: If the apoHcation filed mem tttan 12 martths from the filing data of this application is a PCX fjling fomring 
the basis for this appiicsticn entering the United States as p) the national stage, or (2) a oontinuation, 
divisionai, or corttinuatson-in-part, then also complete ADQBO PAGES TO COMBINED OECLARATiCN 
AND POWER Of ATTORNEY POP DMSlONAL, CONTINUAVON OR C-l-P APPUCAVON for benefit 
of the prior US. or PCT applicadon($) under 35 U.S.C, § 120, 



I hereby appoint the following practition er(s) to prosecute this application and transact 
ail business in the Patent and Trademark Office connected therewith. 



□ I hereby appoint the practitioner(s) associated with the Customer Number pro- 
vided below to prosecute this application and to transact all business in the 
Patent and Trademark Office connected therewith, 

□ Attached, as part of this declaration and power of attorney, is the authorization 
of the above-named praGtitioner{s) to accept and follow instructions from my 
representative(s). 



SEND CORRESPONDENCE TO DIRECT TELEPHONE CALLS TO: 



POWER OF ATTORNEY 



(list name and registratian number) 



Clarence A. Green 
Mark F, Harrington 
Janik Marcovlcl 



(24,622) ^*av1d Aker (29,277) 

(31,686) 

(42.841) 

(check the following item, if applicable) 



(Name and telephone number) 



(J Address 



PERMAN & GREEN, LLP 
425 Post Road 



Clarence A. Green 



Clarence A, Green 
[Z\j3) 259-1800 



Fairfield, CT 06430 



□ Customer Number 



2512 
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DECLA RATION 



I hereby declare that all statements made herein cf my own knowledge are true and that 
all statements made on infomiation and belief are believed to be taie; and further that these 
statements were made with the knowledge that willful false statsm.ents and the like so made 
are punishable by fine or impriscnment, or both, under Section 1 GG1 of Title 1 3 of the United 
States Code, and that such willful false statements may jeopardize the validity cf the 
appitcacicn or any patent issued therecn. 

SICNATURE(S) 

NOTE: Carefully incicata the family (or Us:} nam&, 3S i: znou{(^ ac-ear cn the filing receipt and ail ether 

Full name of sole or first inventor 
Anthony l. CERRONE 



{CrVBS NAM£} ^JMlJ^f^ INlnAL OR -^'^fi^ PAMILY (OR LAST NAMe^ 



Inventor's signature (A/AAA6&^ ^ - L myW-fV 

Date <i liSl<^Q CWfcy of Crtizenship ^ 

Residence 51 Kneel and Road> New Haven, Connecticut USA 



Post Office Address 51 Kneeland Road, New Haven, Connecticut USA 



Pul! name of second joint inventor, if any 



(QP/SS NAMS) (MfCOU {NtTlAL OR HAM^ FAMILY (Oft UST MAMS) 

Inventor's signature — — 

Date Countr/ of Citizenship , , 



Residence 56 Rtdgedale Road, Bethel, Connecticut 068QI USA 

Post Offlca Address 56 Ridaedale Road. Bethel. Cnnnpctirut 068QI 



Full name of third joint inventor, rf any 



fC/VBSf SAME) (MiaOLS ISHlAL OH SAMS) FAMILY (Off LAST HJM^ 

Inventor's signature \ , . 

Date Country of Citizenship 



Residence 181 Joslesing Road, Monroe, Connecticut Q6468 USA 

Post Office Address 181 Josiesing Road, Monroe, Connecticut 06468 USA^ 



[Coloration ar.d Pow^r of Artcmey [1-11 — P^^ja 5 cf 7] 



(check proper bcx(es) for any of the following added page(s) 
that form a part of this declaration) 

B Signature for fourth and subsequent joint inventors. Number of pages added 



□ Signature by admin istrator(tnx), executor(trix) or legal representative for de 
ceased or incapacitated inventor. Number of pages added 



□ Signature for inventor who refuses to sign or cannot be reached by person 
authorized under 37 CFR 1 .47. Number of pages added 



□ Added page for signature by one joint inventor on behalf of deceased inventor(s) 
where legal representative cannot be appointed in time. {37 CFR 1 .47) 

* • » 

□ Added pages to combined declaration and power of attomey for divisional, 
continuation, or continuation-in-part (C-l-P) application. 

□ Number of pages added 



□ Authorization of practitioner(s) to accept and follow instructions from representa- 
tive. 



(If no further pages form 
then end this Declaration with this 

Q 



a part of this Declaration, 

page and check the following item) 

This declaration ends with this page. 



{Declaration and Power of Attomey [1-1}— page 7 of 7) 



Practitioner's Docket No. 7T»^-nnqm-ii<sf(PCT) 



ADDED PAGE TO COMBINED DECLARATION AND POWER OF 
ATTORNEY FOR SIGNATURE BY FOURTH AND SUBSEQUENT INVENTORSJ 

Full name of fourth joint inventor, if any 

Eugene YOUNG 

GIVEN NAME MIDDLE INITIAL OR NAME FAMILY (OH UVST NAME} 

Inventor's signature 

Date Country of Citizenship 

Residence 80^ Balboa Lane, Foster City, California 944Q4 USA 

Post Office Address 802 Balboa Lane, Foster City, California 94404 USA 



Full name of fifth joint inventor, if any 

Susan Atwood STONE *** 



GIVEN NAME MIDDLE iNmAL OR NAME FAMILY {OR LAST NAME) 

Inventor's signature 

Date Country of Citizenship 

Residence 31 Bittersweet Lane, Charlotte. Vermont 05445 USA 

Post Office Address 31 Bittersweet Lane, Charlotte, Vermont 05445 USA 

Exeriitrix for thp F state of John G, Atwo od - deceased 



Full name of sixth joint inventor, if any 



GIVEN NAME MIDDLE INmAL OR NAME FAMILY (OR LAST NAME) 

Inventor's signature 

Date Country of Citizenship 

Residence 



Post Office Address 



{Added Page to Combined Declaration and Power of Attorney for Signature by Fourth and Subsequent 

Inventors [1-2]) 



Practitionar's Docket No. 715-QQ9111-US( PCT) 



PATENT 



COMBINED DECLARATION AND POWER OF ATTORNEY 

(ORIGINAL, DESIGN, NATIONAL STAGE OF PCT, SUPPLEMENTAL, DIVISIONAL, 

CONTINUATION. OR C-l-P] 

As a beiow named inventor, 1 hereby declare that: 

TYPE OF DECLARATION 

Tnis deciaraticn is of the foiiowing type: 

(check one applicable item beiow) 

□ original. 

□ design, 

□ supptennental. 

NOTE' If Cfte decisntion is for an Intemadartal AppUcztian Mng ftlod as i dtvisionai, cantinuatian or 
cantrnaaocrt-«i-parf app/Zcatfcn, do not check next item: check apprrspnata one of /as? three Hems, • 

2? national stage of POT. 

NOTE: If one of the foilcwing 3 items apply, then complete and a/so aaach AOCED PAQBS FOR DiVlStONAL 
CONTINUATION OR C-/-P. 

NOTE: See 37 C.f.B, § 1,$3(di (continued prosecuticn appitcaticn) for use of a pfiornonprovisionai application 
deciaraticn in the continuation or divisional appiicatian being filed on behatf of the same or fewer of 
the inventors named in the prior application. 

□ divisional. 

□ continuation, 

NOTE: Where an appiicatian dtsdoses and claims subject matter not disclosed in the prior applicason, or a 
• continuation or divisional application names an inventor not named in the prior application, a 
continuation-in-part appiicatian must be filed under 37 Cf.R, § 1,S3{b} (appHcaticn filing fequirements 
— nonprovisicnai appHcadan), 

□ continuation-in-part (C-I-P). 

INVENTORSHIP IDENTIFICATION 

WARNING: If the /nvenrcrs are each not the inventors of ail the daims, an explanation of the faas, including 
the ownership of ail the claims at the time the fast claimed invention was made, should be submitted. 

My residence, post office address and citizenship are as stated below, next to my nam^e. 
I befteve that I am the original, first and soie inventor ftf only one name is listed below) or 
an original, ftrst and joint inventor ftf plural najnes are listed below) of the subject matter 
that is claimed, and for which a patent is sought on the invention entitled: 

TITLE OF INVENTION 

INSTRUMENT FOR MONITORING POLYMERASE CHAIN REACTION OF DNA 

— 1 1 i» I , , _,, ,, I — 1^1,. , _ ^ 
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SPECIFICATION IDENTIFICATION 



the specification of which: 

(complete (a), (b), or (c)) 

(a) □ is attached hereto. 

NOTE: "The fdlowing combinations of informaticn supplied in an cat"! or deds/ntcn Hied on the applic3tjcn 
fifing dste with 3 spedficadcn ar9 aczeptabh as minimums for identifying a $pedficiticn and campiianca 
with any one of the Hems below will be accepted as complying with the Identificaticn requirement of 
37 CFR 1.63: 

"(1) name of inwentcrfs), and reference to an attached specification which is both attached 
to the oath or declaration at the time of execution and submitted with the oath or dedaraticn 
on filing: 

'(2) name of inventorfs), and attorney docket num.ber which was art the spedficaticn as filed: 

or 

"(3) name of inventoiisj, and title which was on the specification as filed. ' 
Notice of July 1Z. 1995 {1177 O.G. 60), 

(b) □ was fiied on , as □ Serial No. 0 / 

or □ . 

and was annended on (if applicable), 

NCTc: Amendments filed after the chginai papers are deposited with the PTO that contain new matter are 
not accorded a Idling date by being referred to in the declaration. Accordingly, the amendments involved 
are those filed with the application papers or, in the case of a supplemental declaration, are those 
amendments claiming matter not encompassed in the original statement of invention or claims. See 
37 CFR 1.67. 

NOTE; "The following combinations of information supplied in art oath or declaration filed after the filing date 
are acceptable as minimums for identifying a specification and compliance with any one of the items 
beiow will be accepted as complying with the identi^caticn requirement of 37 CFR 1.53: 

'(1) name of Inventorfs), and application number (consisting of the sehes code and the sehai 
number, e.g.M/1 23,^6): 

'{2) name of inventcr(s}, serial number and filing date: 

*(3} name of inventor(s) and attorney docket number which was on the specification as filed: 

'(4) name of inventcr^sl titie which was on the specification as filed and filing date: 

"(5) name of inventor(s), title which was on the specification as filed and reference to an 
attached spedftcaa'on which is both attached to the oath or declaration at the time of execution 
and submitted with the oath or declaration; or 

'(6) name of inventcr(s), title which was an the specification as filed and accompanied by 
a cover letter accurately identifying the application for which it was intended by either the 
appiicaticn number (consisting of the series code and the serial number, e,g.,08/1 23,456), or 
sahai number and filing date. Absent any statement(s) to the contrary, it will be presumed that 
the application filed in the PTO is the application which the inventor(s} executed by signir^g 
the oath or declaration,' 

Notice of July 13, 1995 (1177 O.G. 60), 

(c) CS was described and claimed in PCI international Application No. 

PCT/US99/11088 f|,ed on May 1999 ^^d as 

amended under PCT Article 19 on (if any). 
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SUPPLEMENTAL DECLARATION (37 C.F.R. § 1. 67(b)) 



(complete the following wherB a supplemental declaration is being submitted) 

□ i hereby declare that the subject matter of the 

□ attached amendment 

□ amendment filed on 

was part of my/our invention and was invented before the filing date of the original 
application, above-Identified, for such invention. 

ACKNOWLEDCEMENT OF REVIEW OF PAPERS AND DUTY OF CANDOR 

] hereby state that 1 have reviewed and understand the contents of the above-identified 
specification, including the claims, as amended by any amendment refenred to above. 

I acknowledge the duty to disclose information, which is material to patentability as 
defined in 37. Code of Federal Regulations, § 1.55, 

(also check the following Items, if desired) 

H and which is material to the examination of this application, namely, information 
where there is a substantia! likelihood that a reasonable Examiner wouid consider 
it important in deciding whether to allow the application to issue as a patent, 
and 

□ in compliance with this duty, there is attached an information disclosure 
statement, in accordance with 37 CFR 1 .98, 

PRIORITY CLAIM (35 U.S.C. §§ 119(aHd)) 

NOTE: The claim to pnority ne^ &e in no speciai form and may be made by the attorney or agent if the foreign 
application !& referred to in the oath or dadaration as required by § 1.63. The claim for priority and 
the certified copy of the foreign application spedfied in 35 U.$,C, 119(b) must be filed in the caze of 
an interference (§ 1,630), when necessary to overcome the date of a reference relied upon by the 
examiner, when spedficaJly required by the examiner, and in a// other situations, before the patent is 
granted. If the daim for priority or the certified copy of the foreign application is filed after the date 
the issue fee is paid, it must be accompanied by a petition requesting entry and by the fee set forth 
in § 1.17(i). If the certi^ed copy is not in the Sngiish language, a transiatian need not be filed except 
in the case of interference; or when necessary to overcome the date of a reference relied upon by the 
examiner, or when spedficaily required by the examiner, In which event an English language translation 
must be filed together with a statement that the transiation of the certified copy is accurate, ' 37 CF.R. 
§ 1,55{a), 

1 hereby claim foreign priority benefits under Title 35, United States Code, §§ 119(aHd) 
of any foreign application(s) for patent or inventor's certificate or of any PCT intemational 
applicatiQn(s) designating at least one country other than the United States of America listed 
below and have also identified below any foreign appiication(s) for patent or inventor's 
certificate or any PCT intemational appiication(s) designating at least one country other than 
the United States of America filed by me on the same subject matter having a filing date 
before that of the appiication(s) of which priority is claimed, 

(complete (d) or (e)) 

(d) □ no such applications have been filed. 

(e) 3) such applications have been filed as follows, 

NOTE: Where item (c) is entered abov^ and the international Application which designated the U.S. itself claimed 
priority checi( item fe), enter the details t^eiow and make the priority daim, 
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PRIOR FOREIGN/PCT APPUCATION(S) FILED WITHIM 12 MONTHS 
(6 MONTHS FOR DESIGN} PRIOR TO THIS APPLICATION 
AND ANY PRIORITY CLAIMS UNDER 35 U.S.C. § 119(aH<i) 



COUNTRY (OR 
INDICATE IF 
PCI) 


APPLICATION NUMBER 


DATE OF FlUNG 
(day, month, year) 


PRIORny CUViMED 
UNDER 37 use 119 








□ YES NO □ 








□ YES NO □ 








□ YES NO □ 








□ YES NO □ 








□ YES NO □ 



CLAIM FOR BENEFIT OF PRIOR U,S, PROVISIONAL APPLICATION(S) 

(34 U.S,C, § 119(e)) 

1 hereby claim the benefit under Title 35, United States Code, § 119(e) of any United 
States provisional applicaticn{s) listed below: 



PROVISIONAL APPLICATION NUMBER 

60 ; 085,765 

60 , 092 JS^ 



CLAIM FOR BENEFIT OF EARLIER US/PCT APPLICATION(S) 

UNDER 35 U.S.C. 120 

□ The claim for the benefit of any such applications are set forth in the 
attached ADDED PAGES TO COMBINED DECLARATION AND POWER OF 
ATTORNEY FOR DIVISIONAL, CONTINUATION OR CONTINUATION-IN 
PART (C-!-P) APPLICATION. 
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RUNG DATE 

16 May 1998 
14 July 1998 



ALL FOREIGN APPLICATIOM(S), IF ANY, FILED MORE THAN 12 MONTHS 
(6 MONTHS FOR DESIGN] PRIOR TO THIS U.S. APPLICATION 

PCT/US99/11088 filed 17 May 1999 



US Provisional Application No. 60/085,765 filed 16 May 1998 
US Provisional Application No. 60/092, 7P4 filed 14 July 1998 



NOTE: If the applicatca filed more tt)an 12 months from the filing date of this appiicstjofi is a PCT filing forming 
the basis for this appfioadcn Qntehng the United States as (1) the national stage, or (2) a continuation, 
divisional, or condnuaticn-in'p&rt, then aiso complete ADDED PAGES TO COMBINED DECLARATION 
AND POWER OF ATTORNEY FOR OMSIONAi^ CONTINUATJON OR C-/-P APPUCAVON for benefit 
of the prior U.S. or PCT app}icatiQn(s) under 35 U.S.C. § 120, 



I hereby appoint the following practitioner(s) to prosecute this application and transact 
all business in the Patent and Trademark Office connected therewith. 



□ 1 hereby appoint the practitioner(s) associated with the Customer Number pro- 
vided below to prosecute this application and to transact ail business in the 
Patent and Trademark Office connected therewith. 

□ Attached, as part of this declaration and power of attorney, is the authorization 
of the above-named practitioner(s) to accept and follow instructions from my 
representative{s). 



POWER OF ATTORNEY 



(list name and registration number) 



Clarence A. Green 
Mark F. Harrington 

Janik Marcovici 



(24,522) David Aker (29,277) 

(31,586) 

(42,841) 

(check the following item, if applicable) 



SEND CORRESPONDENCE TO 



DIRECT TELEPHONE CALLS TO: 
(Name and telephone number) 



[>3 Address 



Clarence A, Green 



PERMAN & GREEN. LLP 
425 Post Road 



Clarence A. Green 
12U3) 259-1800 



Fairfield, CT 06430 



□ Customer Number 



2512 
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DECLARATION 



I hereby deciare that all statements made herein cf my cwn kncwle<lge are true and that 
al! statements made on infonmaticn and belief are believed to be tn:e; and funher that these 
statements were made with the knowledge that willfui false statsm.ents and the like so made 
are punishable by fine cr imprisonment, or both, unC^r Section ^ GG1 of Title 1 3 of th.e United 
States Code, and that such willful false statements m.ay jeopardize the vaIid^^/ of the 
application cr any patent isoued thereon. 

SIGNATURE(S) 

NOTc: Car^fuliy InClcata :na farrtiy (or fas:} name, as it s^-tculd acc^ar cn the fiiir.g njcafpf ar.d ail Other 

Full name of sole or first inventor 
Anthony L. CERRONE 

(Cr^SS HAMe, (S^lCOLS ISrnAL Off .V^.WS} FAM(LY fOfl LAST HAMS} 

fnventor^s signature 

Date ■ Countr/ of Citizenship — 

Residence 51 Kneel and Road» New Haven, Connecticut USA 

Post Office Address 51 Kneeland Road, New Haven, Connecticut USA 



Fuil name of second joint inventor, rf any 
Edward J. I AK;^Tn^ 

/C/VEW MAMS) (MIOQLB {NfTlAL QR SAME) fAMlLY (Off LAST SAME) 

Inventor's signature — — - — . — 

Date Country of Citizenship 

Residence 56 Ridgedale Road> Bethel, Connecticut 06801 USA 

Post Office Address 56 Rldoed ale Road> Seth^l . Canr^^ctinit 06801 LISA 



Full name of third joint inventor, if any 
Michael ^ Gamblnl 



(QIVSN SAME] ^ (MIOOLS l^f^eri^OR SAME) FAMlur (OR LAST SAME} 

Inventor's signature 





Data ^//i/QO CountTv of Citizenship 



Residence 24 Annie Moore Road, Bolton, Massachusetts 01740 

Post Office Address 24 Anm'e Moore Road, Bolton » Massachusetts 01740 



{C-^!aniticn ar.d Po'*^*ir of Artcrrey [1-1] — pjgti 5 of h 



(check proper box(es) for any of the following added page(s) 
that form a part of this deciaration) 

B Signature for fourth and subsequent joint inventors. Number of pages added 



□ Signature by administrator(trix), executor(trix) or legal representative for de- 
ceased or incapacitated inventor. Number of pages added 



» * • 



□ Signature for inventor who refuses to sign or cannot be reached by person 
authorized under 37 CFR 1.47. Number of pages added 



□ Added page for signature by one joint inventor on behalf of deceased inventor(s) 
where legal representative cannot be appointed in time. (37 CFR 1.47) 



□ Added pages to combined declaration and power of attorney for divisional, 
continuation, or continuation-in-part (C-l-P) application, 

□ Number of pages added 



□ Authorization of practitioner(s) to accept and follow instructions from representa- 
tive. 



# * » 



(if no further pages form a part of this Declaration, 
then end this Declaration with this page and check the following item) 

□ This declaration ends with this page. 
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Practitioner's Docket No. 7T^-nnqni-iKKPCT) 



ADDED PAGE TO COMBINED DECLARATION AND POWER OF 
ATTORNEY FOR SIGNATURE BY FOURTH AND SUBSEQUENT INVENTORS^ 

Full name of fourth joint inventor, if any 

Eugene YOUNQ 

GIVEN NAME MIDDLE INmAL OR NAME FAMILY (OR LAST NAME} 

Inventor's signature — - 

Date Country of Citizensliip !i§^ . 

Residence B02 Balboa Lane, Foster City, California 94404 USA 

Post Office Address 802 Balboa Lane, Foster City, California 94404 USA 



Full name of fifth joint inventor, if any 

Susan Atwood STONE *** 



GIVEN NAME MIDDLE iNflTAL OR NAME FAMILY (OR LAST NAME) 

Inventor's signature 

Date Country of Citizenship 

Residence 31 Bittersweet Lane, Charlotte, Vennont 05445 USA 

Post Office Address 31 Bittersweet Lane, Charlotte, Vermont 05445 USA 

Executrix for th e Estate of John G. Atw ood - deceased 

Full name of sixth joint inventor, if any 



GIVEN NAME MIDDLE INITIAL OR NAME FAMILY (OR LAST NAME) 

inventor's signature 

Date Country of Citizenship , 

Residence , 



Post Office Address 



(Added Page to Combined Declaration and Power of Attorney for Signature by Fourth and Subsequent 

inventors [1-2]) 



Pnc^itionw r^^k^tUr.. 715-009111-US( PCT) PATENT 



COMBESED DECLARATION A.ND P0V^:ER OF ATTOR-NEY 

- (ORIGINAL, DESIGN, NATIONAL STAGE OF FCT. SUFPLSMENTAL, DMSiONAu" 

CONTTINUATION. OR C-l-r) 

As a below named inventor, ! hereby declare that 

TYPE OF DECLARATION 

Tnis declaration is of the following type: 

(check one zpplicshle item below) 

□ original. ' 

□ design, 

□ supplemental. 

NQTE' If Crt« docUna'on si fcr an IntsmzdcnaJ AppUcsdan b^ing filed as a dvisJansJ, csatinustiQn cr 
czannuatscn-in-p^n ipplic^t'crt, do nor c^ec'f next Itsm; c*:«c(r acQfz^dzt^ cne 0/ fast (terns, • 

E? national stage of PCT. 

NOTE* ons of Oyi fcifowing 3 itorns zpply, men ccfrpfefe 3nd aisc aC3C*i ACCBD PACES fOR OMSiONAL 
COArriNtJAnCN CP C*t'P. 

NOT^ 37 CrJ^, § l.S3(d) (continued prosac:jticn apclicavcn} for u» cf 3 pnornanprQvisiarsf apclicatcn 
dBcUndcet in me ccndnusdcn or dhfisicrtai spplicsdon tetng »^ed c/i behalf of cfta sa/ne or fewer of 
me inv^tcrs fiam9<d in me prior ;iopli<z3^dizn^ 

□ divtsionai. 

□ continuation, 

NOTE: Wher9 iff apo^aacn dssdcs&s ar.d da/ms sjudfec: mac:ar net dlsdcsad tn me prior appJtczafaa^ or s 
• continuation or divis'onai application names an inventor not named in the prior appiicadon^ a 
conuhuadon^^pan appJicadan mus: i>e filed under 37 C,r,/^. 5 T.5^fb^ (appTtcadcn filing requirement 
— ncnprovTston^/ acpficaticrt), 

□ continuation-in-part (O-l-P), 

INVENTORSHIP IDEKTIFICATION 

WAPNINC: }f me trr^tcrs ars esch not me inventcr^ of ait me c'a/ms, an explanation of me faa^ Including 
me owryorzhip of ait me datims at the dene me last dalm^ invontion wes mede, shouid submitted. 

My residence, post office address and citizenship are as stated beicw. next td my name, 
i believe that ! am the original, first and sole inventor llf only one name b listed below) or 
an original, first and jcint inventor (tf plural names are listed below) of the subject matter 
that is claimed, and for which a patent is sought on the invention entitled: 

TITLE OF INVENTION 

INSTRUMENT FOR MONITORING POLYMERASE CHAIN REACTION OF.ONA 
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SPECIFICATION IDEHTlFlCATlCM 



the specification ci which: 

(complete fsj, (b), or (a)) 

(a) □ is attached hereto. 

A/OTc; 'Tne fdlcwing czmttnau'cns of Infcmsdcn supplied sn csVi cr Ced^ticn filod cn T^e sccliciccn 
riling (iats wren a ipecVrcac'c/i are accsptath as micicrun^ fzr ipenut/ing a sp^^caccn and C9tr:ptta/ic9 
with any one of the /ferns befcw will be sccspted as ccmpiying with th9 identifiaidcn roquinm^t ci 
3T Cffi 163: 

'(1) rta/re of inven:cf(si, ard r^ferer.c^ ;c an ac:^*:^ scec'tocc/? whic*: is Pctft acacr.ed 
:o eft* ca&*7 cr peclaradcn at cfte dn^ of axec-jucn and SLiPmicod wftfi tfr* cam or P^arancn 
cn filing: 

'(2) na/r.e of inventcris), and atzcmey dod^et nurr.p^r whic."! was cn tfre spedf^dt'cn as Bed: 

cr 

*P) name of invcntcr(sl and dtSe which was crt tr.Q' sc^'ricsdcn as Hied. ' 
/Vccfca QfJviy 10. 7$SS (1177 0,0. 6C}, 

(b) /D was fiied cn as □ SenaJ No, 0 / 

cr □ . 

and was amended cn (if applicable), 

NCTc: Amendments filed after tne crigimJ passers are depcsite<d with £f7« PTO that contain new matter are 
not acccn^*i a (iltng date by ^ing rafennsd to in the deciaradcn. Accordingiy, the amendments invdved 
are these iUed with the applicadcn pas:erz cr, in the cas^ cf a supplemental dederaticn, are those 
amendments claiming matter not enccmpassed in the original statement of indention or daims. Se^ 
27 CFR U$7, 

NOTE: 'The Allowing ccmpinatians of infcrmadcn supplied in an cath cr dedaraticn fUed after T,e fiiing date 
are aczsctacie as minimums for identifying a spednc^dcn and csmpiiance with any cne ci the items 
t>eicw will te accepted as ccmplying with the idtndf,cat:cn r^uirtment of 27 CFB hS2: 

'(1) name cf in^rentar(sl and acpiicadcn nump<r (ccnziszng of (he series cede and the seriai 
number ^g.,Q8/12Z'^S}: 

'(2) name of inventc/{s), serial num,Per and ftUng date: 

*p; name cf inventcr(s) and aCcmey dockat number which was on the sp^dficatson as filed: 

'(4) nam,e of inventcr(sl fiftfo which was cn the sc^iicaticn as filed and fSing data: 

'(5) name of in'ventorfs), tide which was cn the sc^dfication as Hied and nefensncs to art 
attached spedficaticn whidi isPoth attached fo the cstht ardeda/aticn at the time afexecutcn 
and submitted with the oath cr ded^rac'cn: cr 

'(6) nam.e of inventcris), tftfa whictt v^as on the sp^ffcaticn as fiied and accompanied by 
a cover leper accurately identifying the srpficaticn for which i( was intended by either the 
acplicadcn nump>er (consisting of the series coda and the serial number; e,g„CS/1 22,4^0}^ cr 
serial numter and filing date, Atsent any ttatem.entfs) to Che contrary, it wift be presumed that 
the appiicaticn Hied in the PTO is the applicaticn whit^^ the inventar^s) executed by signing 
the oath cr dedaraticn,' 

Notica of Juty 13, 1395 (1177 0,G. $0), 

(c) Bl was described and claimed in PCI International Application No. 

PCT/US99/11Q88 fij^^ ^n ^^^^ and as 

amended under PCT Artide 19 on fif any). 
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1, 

^xJPPtEMENTAZ- DECLARATION (37 C,F,R, § 1.67(b)) 

(complete the fallowing where a supplements! declaration is being submitted) 

□ I hereby declare that the subject matter of the 

□ attache<i amendment 

□ amendment filed on - 

was part of my/our invention and was invented before the filing date of the onginai 
apptication, above-identified, for such invention, 

ACXNOWLEDCEMENT OF REVIEW OF PAPERS AND DUTY OF CANDOR 

I hereby state that I have reviewed and understand the contents of the above-identified 
specification, including the claims, as amended by any amendment refen-ed to above. 

I acknowledge the duty to disclose information, which is matenai to patentability as 
defined Jn 37, Code of Federal Regulations, § 1.55, 

(also check the following items, if desired) 

(2 and which is m.atenal to the examination of this application, nameiy, information 
where there is a substantial likelihood that a reasonable Examiner wouid consider 
it important in deciding whether to allow the application to issue as a patent, 
and 

□ in compliance with this duty, there is attached an information disclosure 
statement, in accordance with 37 CFR 1.98. 

PRIORITY CLAIM (35 U.S.C. §§ 119(aHd)) 

NOTz: The d3jm to prtcrfry n««^ in no spedaJ hrm and may iw made by the arrorney or a^enf if the fonign 
ipplicav'crt is rshrrsd ta In firt« each or dedarsdon as /^uirod by § 7.53. Tha d^'m for pnonry and 
firta csrtfi^ed copy of che hrm'gn app/Zcao'cn spedfi^ in 35 US.C 7 13(t) must b« in Cfta cf 
an intorfanncs (§ 1,630), wh^ necessary to ovenzams tfte t/ace of a nfenncs nifcd upon by aie 
axamintr, wrtan sp9dficaily required by tfJd examiner, 2nd in a// o^hef sittMtions^ befcro the patent is 
granted. If the dw'm for pn'crtry or tfie csrafied copy of ttie foreign apptotfon is filed after tfje dzts 
the issue fee is paid, it must be acccmpsnied by a pexhion r^c^uest'ng entry and by the fee set forth 
in § h 17(ji), if the oirified copy is not in Che Engfish Isngusge, a translation oefsd not be filed except 
in the case of interference; or when nec&ssary to ovenTcme the data of a refensnoa reded upon by the 
examiner; or '/fhen spedficaJly r^uired by the examiner, in whidt event an Sngflsh language transiatjon 
must be fiicd together with a statement that the translation of the certified copy is accurate.' 37 CfJl. 
§ 1^S(a}. 

I hereby claim foreign priority benefits under Tltie 35, United States Code, §§ 11S(aHd) 
of any foreign application(s) for patent or inventor's certificate or of any POT international 
application(s) designating at least one countiy other than the United States of America listed 
below and have also identified below any foreign app(ication(s) for patent or "invento'r's 
certificate or any PCT international appIication(s) designating at least one country other than 
the United States of America filed by me on the same subject matter having a filing date 
before that of the app(ication(s) of which priority is claimed. 

(complete (d) or (e)) 

{d] □ no such applications have been filed. 

(e) (2 such applications have been filed as follows. 

NOTE: Where item (c) is entered atovc and Che tntemav'on^l AppHc^oan which a^esign^cod the US. itzeif daimed 
pnoriry cneck item (e), enter v^e Oetajls Odaw and maJ<e tne prianty ds/m, 
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PRIOR FOREIGMyPCT APPUCATTON(S) FILED WITHIN 12 MONTHS 
(6 MONTHS FOR DESIGNl PfllOR TO THIS APPUCATION - 
AND Any PRJ0R3TY CLAIMS UHDEH OS U,SxV 5 119<aH<l>' 



COUNTRY [OR 
fNDICATc IF 
PCI] 


APPUCATION NUMBER 


• OATH OF FlUNG 


PRlORrTY CLAJMED 








□ YES NO G 








□ YES HOG 


* 






□ YES NO □ 








□ YES NO □ 








□ YES NO □ 



OU^IH FOR BENEFIT OF PRIOR U,S, PROVlSiCNAL APPUCATION(S) 

(34 U.S.C. § 119(e)) 

I hereby claim the benefit under Title 35, United States Code, § 11 9(e) cf any United 
States prcvisicnal appiicaticn(s) listed beicw: 



PROVISIONAL APPUCATION NUMBER FlUNG DATE 

60 y 085,765 16 May 1998 

60 092,784 14 July 1998 



/ 

CLAIM FOR BENEFIT OF EARLIER US/PCT APPLICATION(S) 

UNDER 35 U,SX. 120. 

□ Tne claim for the benefit of any such applications are set forth in the 
attached A006D PAGES TO COMBINED DECLARATION AND POWER OF 
ATTORNEY FOR OlViSiONAL, CONTINUATION OR CONTlNUATION-iN 
PART (C-l-P) APPLICATION. 



{C-eciamricn and Power Ancmey [^-^\ — paqe -i ci T\ 



ALL FOREiex APPLICATICN(S), IF AMY, FILED MORE THAN 12 MONTHS 
(6 MONTHS FOR DES3GN) PRIOR TO THIS U,S, APPLICATION 

PCT/US99/11088 filed 17 May 1999 

US Provisional Application No. 60/085,765 filed 15 May 1998 
US Provisional Application No, 60/092,7P.4 filed 14 July 1998 



NO 7c: tft« acplicav'on Bed more tttan 72 montf^s hr)m tne fifing data of tfr/s appitcjaxiort is a PCT fUtng forming 
STse basis for T^is sppiicsdcn entQ/ing cf:« United States as f7; cfw aaticnsi stagt, or (2) a czntinu^ticrr, 
aivtsjcn^, or ayionuacrcn-Zn-pai-;, then also complete ADDED PAC£S TO COMBINED OSClAPATtCN 
AND POWEPl Of ATTORNFf FOR DMSIONAU CONTiNUAVON OR C-hP APPUCAVON fcr benefit 
Of me prior U,S, or PCT app/Zcac'onfs) under 55 U.S,C, § 120. 

POWER OF ATTORNEY 

I hereby appctnt the fclfowing practitioner(s) to prosecute this application and transact 
an business in the Patent and Trademark Office connected therewith, 

(list name and registration number) 

Clarence A. Green (24,622) Oavid Aker (29,277) 

Mark F. Harrington ^ (31,686) 
Jan Ik Marcovici (42,841) 

(check the fallowing Item, if appllcatle) 

□ f hereby appoint the practitioner(s) associated with the Customer Number pro- 
vided below to prosecute this application and to transact all business in the 
Patent and Trademark Office connected therewtth. 

□ Auached, as part of this declaration and power of attorney, is the authorization 
of the above-named practition er{s) to accept and follow instnjctions from my 
repres€ntat]ve(s). 



SEND CORRESPONDENCE TO 

13 Address 

Clarence A* Sreen 
PERMAN a GREEN, LLP 
425 Post Road 
Fairfield, CT 05430 



DIRECT TELEPHONE CALLS TO: 
(N^me and talaphone number) 



Clarence A- Green 
V£[}2) 259-1800 



□ Customer Number 



2512 
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( hereby declare t^.at all staterr^ents rr.a<ie herein cf my cwn kr.cwiedge are true an<i t^'iat 
ail statements made cn infcrmaticn and belief are iieileved to be tnje: and furrier that these 
statements were made wtth tne kncwfedge that wiilfuf false statements and the like sc made 
are punishafcie by fine or impnscnment, cf bcth, under Secticn 1 0Cl of Title 13 of the United 
States Code, and that such willful false statements may jecpardize the validit*/ of the 
application or any patent issued thereon, 

SICNATUR£{S) 

NQTc: C^/vf-jily incic:it9 f^rr.t!'/ (cr Us:) n^ma, 3S i( sr.cM acc93r cn Ctie filing receipt sr.d 3i! otr:er 

Full name of sole or first inventor 
Anthony - L. CERRONE 

fCr/eV HA/^El (MCCLS ISniAL Off HAMS:i FAMtL Y fOfl LAST SAMSi 

Inventor's signature i __ 

Date Countr/ of Crtizsnship 

Residence 51 Kneel and Road, Mew Haven, Connecticut USA 

Post Office Addre55 51 Kneel and Road, New Haven, Connecticut U5A 



Full name of second joint inventor, (f any 

£<^ward J. M>fATn<; 

(Cr^&i NAME} (MtCOLs I^^HIAL OR KXMSi FAMILY (Off UST tUMQ 

Inventor's signature , 

Date Country of Citizenship 

Residence 55 Ridgedale Road, Bethel > Connecticut 06801 USA ^_ 

Post Office Address 56 Ridoedale Road, Bethel. Cnnn^rtirMt 06801 \M 



Full name of third joint inventor, ff any 
Mtchapl B Gamfainl 

fC^VEN (MtCOLB IsrUAL Qf^ HAM£} FAMILY (Of^ LAST HJM£i 

Inventor's signature \ I , 

Date ^ Country of Crtizenship 

Residence 1^1 Jostesing Road, Monroe, Connecticut 06468 USA 

Post Office Address 181 Josfesfng Road, Monroe, Connecticut' 06468 USA 



(C-^iar:iticn and P3w«jr of Actcmtr/ C*-^}— ^"S' 5 cf h 



» •-. leck proper baxfes) for any of the follov^ ^ added p^ge(s) 
that term a parr of this declaration) 

B Signature for four^ and subsequent joint inventors. Number of pages added 



□ Signature by administrator(trix), executor(trix) or legaU cepresentative for de- 
ceased or incapacitated inventor. Number of pages added 



O Signature for inventor who refuses to sign or cannot be reached by person 
authorized under 37 CFR 1 .47. Number of pages added 



□ Added page for signature by one joint inventor on behalf of deceased inventcr(s) 
where legai representative cannot be appointed in time. (37 CFR 1.47) 

* * • 

□ Added pages to combined decfaration and power of attorney for divisional, 
continuation, or continuation-in-part (C-I-P) application, 

□ Number of pages added 



□ Authorization of practitcnerts) to accept and follow instnjctions from representa- 
tive. 



^f no further pages form a part of this Declaration, 
then end this Declaration v/ith this page and check the following Hem) 

□ Tnis declaration ends wfth this page. 
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ADDED PAGE TO COMBINZD DEO^ARATION AiND POWER OF 
ATTORNEY FOR SIGiNATURE BY FOURTH AND SUBSEQUENT INVENTORS 

Full name of fourth joint inventor, if any 

^HEinS P. YOUNG 

■ MJDOLE INmAL OR .VAME FAMILY (OR NAME) 

Inventor's signature 

' ^ Country of Citizenship 

Residence 802 Salboa Lane, Foster City, California 94404 USA 



Post Office Address 802 Balboa Lane, Foster City, California^ 94404 



USA 



Full name of fifth joint inventor, ff any 

S^san Atwood STONE 

GIVEN NAME M)00t£ INITIAL OR NAME FAMILY (OR W5T NAME) 

Inventor's signature 

Date _ Country of Citizenship 



Residence 31 Bittersweet Lane, Charlotte > Vennont 05445 USA 

-Ppst Office Address 31 Bittersweet Lane, Charlotte, Vermont 05445 USA 
*-^*Co-Executr1x for the Estate of John Atw ood - deceased -l.V t residing at 
149 Limekiln Road, Redding, Connecticut 06896 

Oountry of Citizenship of -tfo-Jin^-G. Atwood U3A 

Full name of fi^thjoint inventor, if any 

^""Jlif^^ " .— ^ — AtwnoH 

GfV5N NAME ^jQQLE INrriAL OR tWAZ FAMILY (OR LAST NAME) 

Inventor's signature U^Jj^J i^ /^-f..t^.zL 



^ ^^"^ n^<r-Ag^O/ , Country of Citizenship ^JL 



Residence 149 Hmpfffln Road, Rp ddlno. ConnPrtlrirt 06896. 



Post Office Address 149 Limefciln Road. Redding, 'rnnnprtirifi 06896 
Co-ExecutrIx for the Estate of John G. Atwood - deceased -Mast residing at 
149 Limekiln Road, Redding, Connecticut 06896 
Country of Citizenship of John G, Atwood USA 



(Added Page to Combined Oecfaration and Power of Anomey for Signanjre by Fourth and Subsequent 

Inventors [1-2]) 



^ PraictStion. . rv.^w^f 715-009111-US( PCT) PATENT 



COMBIMD DECLAR-\TION AM) POWXR OF ATTOR-NEY 

- (ORIGINAL, DESIGN. NATIONAL STAGE OF FCT, SUFPLHMEMTAL, DMSIONAU 

C0^mNUAT10N, OR C-l-F] 

As a below named inventor, t hereby declare that: 

TYPE OF DECLARATION 

Tnis deciaraticn is of the following type: 

(check one sppllcatle item below) 

□ original. ' 

□ design, 

□ supplemental. 

NOTE: if th9 d9ci3raaan iz far an Intemadcna/ AQpUcsitian fra/nj as a dtvisicnal, csatinuida/7 ar 
czanftustjcn-in-psn ippItcztiGn, do not c.*:ecV next item: c^.cck spprcpn^to owa of £asr chrw kams. • 

& naticnai stage of PCT, 

H NOTE: If one of tfM hifcwing Z /terns app/y, cfien czfuplets and aisc arac'r ACOEO PAGES FOB OMSiONAU 

CONTlNUATiCN OR C-/-P, 

^^isJ NOTE: S<t« 37 Cr A f 7.52fc5 (corrdnued pms^cudcn apcHc^dcn) for tjz« of a pncr nonpro'^sionaf acpHcadcn 

iSl dodaradcn in she csndnusacn or drvisicrtel app//cascn t^tng /Sa^ cn beha^ of tfw same or fewer of 

jjj cTTtf tfTv<f7fcrt rta/n«^ /n tfte pnor aapi/caccrt, 

. 0"^ □ divisional. 

□ continuation, 

NOTE: Wh«r9 an app/Tcaecrt d'ttdcsas and cfaJms sub'tec: m^TTor not dtsdcsod in th« prior acpiicsson, or a 
L " * concinuadon or divisional application names, an inventor not namod in crta pnor appiicsdon^ a 

\ y candnuadcrt-fn-p^irt spp/icadon musT i>o t^lcd undsr 37 C,F,P, § 7.53(b} (appf/cadcn fjling feQjinsrrtenG: 

i|l — ncnpfCVRSJona/ acpiicadcn). 

□ continuation-in-part (C-l-P). 

INVENTORSHIP IDENTIFICATION 

WARNING: If ttie inventorz am each not tfre tnvefrfcr: of ail ti^ c'a/mi, an expianadon of cTre fac:z^ indiK^'ng 
(tie Qwnetznip of ail tne da/ms at d^ dme tfM Us: daime<d inv^ndon was mede, shouid be submktad. 

My residence, post office address and citizenship are as stated below, next td my name. 
1 believe that I am the original, first and sole inventor fif only one name Is listed below) or 
an original, first and joint inventor (7/ plural names are listed below) of the subject matter 
that is claimed, and for which a patent is sought on the invention entitled: 

TITLE OF INVENTION 

INSTRUMENT FOR MONITORING POLYMERASE CHAIN REACTION OF.ONA 
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SPECIFICATION IDENTIFICATION 

trie speciflcaticn cf which: 

(complete faj, (b), or (c)) 

(a) □ is attached hereto, 

WTq: Tne falcwing csmtinsticns of infcnvaticn sapc^i^ in ap cath cr ded^tic/i filed en ttt« jccliaiticn 
filing d^te wkf: a ipiscr'/fcac'cn anj accsptath as minn^ums fee idenuf'/jng a specr^cacrcn and csfr.piiancs 
wich any ere of (t,9 kerns delcw will scapted as ccmplyfng wicn cn« id^ntsfcsticn r^utnfr^.t cf 
3T CFB r.fi3: 

V) ^'^'^ cf inventcrfs), and nsf^r^na: tc an iosctied ZD^f*C2Uzn ^Hhic^i is tctJi iOZC^'-ed 
fo tne MCI or decizr^^cn zi 'J\q or?e of sx&cudcn and sudmicad witn cacfr decisr^non 
err fiiing: 

'{2) na/re of inventctis), znd aacmey decree namd-ar wrt/cl was en tfte specf^csccn as 5e<^; 

cr 

'PJ name of inwentcf(s), and fiftf* whtan tvas cn ere' scecncaoc^ as filed, ' 
Ncvcs of July 1555 (1177 0,0, BC), 

(b) /Q was filed on ^ as □ Serial No, 0 / 

cr □ 

and was aniended cn (if applicable). 

/VOTc: Amendmants filed after cfta cngsn^ parers an> depcsJted with me PTO tfiaf ccntwn new metrar an 
not azzcrded a (f//ng date by i>eing referred to in (t>e tfeciaraocn. Accorr^n^y, ttte vnendm^nts involved 
ans (Ttcse filed witti fifi« appltcadcn paporz or, in tfte cjse cf a supplementaJ tf«c'4racrcr7, ars CTtostf 
amendments dauming maftdr nof enccmpassed in tt.e cnginai statement of invention or claims, S<« 
37 CfR 1,67. 

NCTc: The following cc/nfi/hacrcna of infcrmatscn supplied in an cact cr declaratscn Med a/tor tt,a filing cats 
ars act^ptacle as. minimums fcr identifying a spedficaticn and ccmpiianca with any one of tfie items 
below win Ce accepted as ccmplying with tfie identif.ddcn requirement cf 37 Crr^ 1,62: 

"(1) name of inven(or(s), and applicaticn numder (ccnsisdrtg of tne series cade and tne serial 
number, a.g,,Qe/1 23.^6); 

'(2) name of inventcrfs), sen'al namper and filing dace; 

'(3) name of inventcr(s) and attcrrtey docket numi>sr which was on the speaficzion as filed: 

'(-i) name of inventce(sl title which was cn the scedffcadcn as filed and ftUng dste: 

*(5} name of inventoris). tide which was on the specification as filed and reference to an 
attached spedHcaa'cn which is both attached to the cath or dedaraticn at the time ofexeasdcn 
and submitted with the oath or deciaraticn; cr 

'[6} name of inventcrfs), titie which was an the spea'ffcaticn as liled and accompanied by 
a cover letter accurately identifying the acpUcaticn for which it was intended by either the 
appiicaticn number (consisting of the senes code and the serial number, 9,g.,C3n 23,-^6}, cr 
seriai number and filing date. Absent any staiement(s) to the ccntra/y, ft will be presumed that 
the appiicaticn Hied in the PTQ is the application whigh the inventor(s) executed by signing 
the cath cr dedaraticn/ 

Notice of July 13, J3S5 (1177 0,G. 60). 

(c) 121 was described and claimed in PCT International Application No. 

PCT/US99/11088 ^i^h on ^7 May 1999 . ^3 

amended under PCT Article 19 on . (if any). 



(Declaraticn anci Power cf Actomtsy [1*1] — paga 2 cf 7) 



I 

wJPPLEMENTAL DECU^RATION (37 C.F.R. § 1 -67(b)) 

(complete the fo/lowfng where a supplementBl declaration is being submitted) 

□ I hereby declare that the subject matter of the 

□ attached amendment 

□ amendment filed on - - - - — 

was part of my/our invention and was invented before the filing date of the original 
application, above-identified, for such invention. 

ACXNOWLEDOEMEHT OF REVIEW OF PAPERS AND DUTY OF CANDOR 

1 hereby state that i have reviewed and understand the contents of the above-identified 
specification, including the claims, as amended by any amendment reieiTe<i to above. 

I acknowledge the duty to disclose information, which is material to patentability as 
defined Jn 37. Code of Federal Regulations, § 1,56, 

(also check the following items. If desired) 

(2 and which is material to the examination of this application, namely, infonmation 
where there is a substantial likelihood that a reasonable Examiner would consider 
it important in deciding whether to ailow the application to issue as a patent, 
and 

□ in compliance with this duty, there is attached an information disclosure 
statement, in accordance with 37 CFR 1.98. 

PRIORITY. CLAIM (35 U.S.C. §§ •119(aHd]) 

NOTc: Th« c'a/m fo pdceivf neetf be m no speoa/ (otm and may ^ made by tfie arromey or agent if tfie hr^tgn 
appiiczvcft « nhmd to in che c^zh or docUrstfan as r^uirwi by § The d^m for priarrry and 
the cani^ed ccpy of the foreign appltcsticn specified in 35 U.S.C / 73(b) must be fSed ki the esse cf 
an Interference (§ 1.630), when necessary to overcome the date of a reference relied upon by the 
examiner, when specifically required by the examiner, and in alt other situations, before the patent is 
granted. If the claim for pn'cnry or the certified copy of the foreign appHcaticn is filed after the date 
the issue fee is paid, it must be accompanied by a pedticn requesting entry and by the fee set forth 
in § U17{i), if the aerified copy is not in the English language, a transiatian need not be filed except 
in the case of interference; or when r}ec3Ssary to ovecccme the date of a reference reiied upon by the 
examiner: or when specifically required by the examiner, which event an EngOsh language transiattcn 
must be filed together with a statement that the transiation of the certified copy is accurate,* 37 CfJl 

I hereby claim foreign priority benefits under Title 35, United States Code, §§ 11S(aH4 
of any foreign application(s) for patent or inventor's certificate or of any PCT international 
app!icatiGn(s) designating at least one country other than the United States of America listed 
below and have also identified below any foreign appncation(s) for patent or invento'r*s 
certificate or any PCT international app(ication(s) designating at least one country other than 
the United States of America filed by me on the same subject matter having a filing date 
before that of the appncation(s) of which priority is claimed. 

(complete (d) or (ej) 

(d) □ no such appfications have been filed. 

(e) (3 suc^ applications have been filed as follows. 

NO Tc: Where item (c) /j entered aCove and the International Appllca a'cr which designated the US. itzeff cia/mecf 
prionry c^eck item (e), enter tft« Cetaits Oeiow and make the phonty claim. 

(D«cUrat:on and Power of Anomey [^*1}^^ge 3 of 71 



PRIOR FOREIGNyPCT APPUCAT]ON(S) FILED WITHJN 12 MONTHS 
(€ MONTHS FOR DES3CH] PfSIOR TO THIS Ai^UCATlOH - 
AND ANY PRJORJTY CLAiMS UND€H 35 U,S,a § 119(aH«iV 



COUNTRY (OR 
INDICATE IP 

POT) 


APPLICATION NUMBEH 


• DATc OF FlUNG 


PBlORITf CUJMED 








□ YH3 NO □ 








QYES NOG 


♦ 






□ YES NO □ 








G YES NO Q 




• 




Q YES NO G 



CLAIM FOR BENEFIT OF PRIOR U,S. PROVISIONAL APPL]CAT10N{S) 

(34 U.S.C. § 119(6)) 

I hereby claim the fcenerlt under Title 35, Uaitecf States Code, § 119(e) cf any United 
States prcvisicnai applicaticn(s) li5te<i belcw: 



PROVISrONAL APPUOATION NUMSHR RUNG DATE 

60 / 085.765 ^ 16 May 1998 

60 092,784 14 July 1998 



CLAIM FOR BENEFIT OF EARLIER US/PCT APPLICATION(S) . 

UNDER 35 U,SX, 120. 

□ Tne claim for the benefit of any such applications are set forth in the 
anached ADDED PAGES TO COMBINED DECU^i=lAT10N AND POWER OF 
ATTORNEY FOR DIVISIONAL. CONTINUATION OR CONTlNUATlON-iN 
PART (C-l-P) APPLICATION. 



(C-ecJarsrocn and Power ci Aftcrrwsy [l-tl — ci 7] 



I 

ALL FOREIGN APPLJCAT10N{S), IF ANY, FILED MORE THAN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS U,S- APPLICATION 

PCT/US9g/l 1088 filed 17 May 1999 

US Provisional Application No. 60/085,765 filed 15 May 1998 

US Provisional Application No. 60/092,7P.4 filed 14 July 1998 "7" 



NOTc: If tfitf 3CClic3t2ort Be<i mors than t2 months from the fiSag d^te of this appJtcation is 3 PCX filing forming 
the tasis for this appJicsdcn cnten'ng the United Slstes is 0) tho national stage, or 0 a ccntinaiticn, 
(J/vfscna/, or ccntlnoatjon-in-pan, than aiso ccmpiet9 ADCSO PAGES TO COMBINBO OBCLAPAViW 
AND POWER CP ATTORNer POf\ DMSiOtiAL, COtmNVATiQN OB C-hP APPUCATiON hf bemnt 
of ths pricf US. cr PCT 3^plicaaon(s) under 35 U.S.C. § 120. 

POWER OF ATTORNEY 

I hereby appoint the fcnowing practitioner(s) to prosecute this appfication and transact 

ail business in the Patent and Trademark Office connected therewfth. 
♦ 

f7/sf name and registration number) 

Clarence A. Green (24,622) t^^^ld Aker (29,277) 

Mark F. Harrington ^ (31,686) 
Janik Marcovlci (42,841) 

(check the following Item, if applicable) 

□ I hereby appoint the practitioner's) associated with the Customer Number pn> 
vided below to prosecute this application and to transact all business in the 
Patent and Trademark Office connected therewith. 

□ Attached, as part of this declaration and power of attorney, is the authorization 
of the above-named practif on er(s) to accept and follow instructions from my 
representative(s). 



SEND CORRESPONDENCE TO DIRECT TELEPHONE CALLS TO: 

(Name and Csfephane number) 

(>5 Address 

Clarence A, Green Clarence A. Green 

PERMAN & GREEN, LLP V^^) 259-1800 

425 Post Road 
Fairfield, CT Q6430 

□ Customer Number ^^^^ 



fOeciaration and Rgv-ef of Actoirwy [1-1] — page 5 of 7) 



I heraby deciare tf^at ail staterr.ents rr^aCe hersfn cf my cwn kr.cwledge ar* true and t^at 
all statements made cn infarmatlcn and belief are tetieved to te true; and furrier that mese 
statements were m^ade with the knowledge dnat wiilful false statsrr.ents and the tike so made 
are punishatle by fine or impnscnment, cr tcth, under Secticn 10G1 of Title 13 of Che United 
States Code, and that such wfilful false statements may jeopardize the validit*/ of the 
application cr any patent issued thereon, 

signat;jre(S) 

Ccajnactz. 

Fall name of soie or f\r^t inventor 
Anthony • L. CERRONE 

(Cr/tS MAMe, (MCCLz l^mAL Off SJiM^) FAMlir [OR SAMSi 

Inventor's signature — 

Data Cauntr/ of Cftizenship — 

Residence 51 Kneel and Road, New Haven, Connecticut USA ._ 

Post Office Address 51 Kneeland Road, New Haven, Connecticut USA 



Full name of second joint Inventor, rf any 

Edward J. ! AKATn<; ; 

(OVEN tUMS] (MtCaL= l^mxL Of? HAMSi PAMtLr (OR LIST MAMSi 

Inventor's signature — 

Date Countr/ of Citizenship 

Residence 55 Rtdgedale Road, Bethel, Connecticut 06801 USA ^_ 

Post Offtca Address 56 Rldoedale Road. Bethel, Connfictlrut Q68pl IM 



FuM name of third joint inventor; rf any 



(QiVSH KAMB) (KtiCOLS it^aUL 0^7 KA^ffiJ FAMILY (OA LAST KU<4S} 

Inventor's signature . 1 — — ■ — - 



Data Country of Crttzanship 

Residence Josiesing Road, Monroe, Connecticut 06468 



USA 



USA 



Post Office Address 181 Josiesing Road, Monroe. Connecticut' 06468 USA 



(C-*clanticn and Powjr of Ancrrey [t-t]— ca<;3 S cf h 



'leck proper bo^cfes) for any of the follov. added p3ge(s) 
that form a parr of this decl^tlon) 

Signature fof fourth and subsequent joint inventors. Number of pages added 



□ Signature by admini5trator(trix). executor(trix) or legal, representative for de- 
ceased or incapacitated inventor. Number of pages added 1*" 



□ Signature for inventor who refuses to sign or cannot be reached by person 
authorized under 37 CFR 1.47. Number of pages added 



□ Added page for signature by one joint inventor on behaff of deceased inventcr(s) 
where legai representative cannot be appointed in time, (37 CFR 1.47) 

• • # 

□ Added pages to combined declaration and power of attorney for divisional, 
continuation, or continuation-in-part (C-I-P) application, 

□ Number of pages added 



□ Authorization of practitioner(s) to accept and follow instructions from representa 
tive. 



{7/ no further pages form 
then end this Declaration with this 

□ 



a parr of this Declaration, 

page and check the foilowing Hem) 

Tnis declaration ends wrth this page. 



(Dedamtioa ancj Power of Attorney [1-1] — page 7 cf 7) 



Practitioner^s Docket No. 7T^-nnQiiun<;/(PCT) 



ADDED PAGE TO COMBINED DECLARATION AND POWER OF 
ATTORNEY FOR SIGNATURE BY FOURTH AND SUBSEQUENT INVENTORSJ 

Full name of fourth joint inventor, if any 

• GIVEN NAME MIDDLE INfTTAL OR NAME FAMILY (OR LAST NAfilE) 

Inventor's signature — . 

Date ^ Country of Citizenship ]^ y : 

Residence 802 Balboa Lane, Posterity , California 944Q4 USA (_^/t 
Post Office Address 802 Salboa Lane, Foster City, California 94404 USA 



Full name of fifth joint inventor, if any 

Susan _ Atv^aad_— : STONE 



^ GIVEN NAME MIDDLE INITIAL OR NAME FAMILY (OR WST NAME) 

Inventor's signature 

Date , Country of Citizenship 



Residence 31 Bittersweet Lane, Charlotte, Vermont 05445 USA 
Post Office Address 31 BlttersweeTTa^^ Vermont 05445 USA 
Fxpcutrlx for the Estate nf Jnhn G. Atwood - deceased 



Full name of sixth joint inventor, if any 



GIVEN NAME MIDDLE INfTIAL OR NAME FAMILY (OR LAST NAME) 

Inventor's signature — 

Date ^ Country of Citizenship 

Residence _^ 

Post Office Address . 



(Added Page to Combined Deciaration and Power of Attonney for Signature by Fourth and Subsequent 

Inventors [1-2]) 



